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 Abstract 
The present thesis comprises of six chapters. The first chapter is of Introduction. 
It details with metal ion toxicity. This is followed by a discussion on the basic 
principle of SPE, advantages over other preconcentration methods and their 
automation with sophisticated analytical techniques in the determination of trace 
analyte ions. It gives an account of the different types of chelating sorbent 
employed as metal extractors and discusses the mechanism involved in the 
complexation of the metal ions with the active sites on to the sorbent including 
nanosorbents. This chapter also gives a brief account on the use of flame atomic 
absorption spectrometric determination of trace metal ions after preconcentration 
using SPE. It concludes with a brief discussion on statistical treatment of 
analytical data. 
The chapter two is about Preparation & Characterization of Chelating Resins. 
It accounts the details of the synthesis and preparation of different types of 
chelating sorbents discussed throughout the thesis. It gives an account of the step 
by step preparation along with the schemes. The chapter also briefs the vendor 
information and significant reference to this work of the various instrumental 
techniques used in the characterization of the prepared sorbents. 
 
The third chapter is of Optimization & Validation of Analytical Methods. This 
chapter takes into account the different general experimental procedures followed 
during the work. Various details that have been covered in this chapter include 
vendor information, sample pretreatment and details of methods employed for 
sample digestion. This chapter concludes with a brief account on the procedures 
followed during method validation. 
 
The rest of the chapters comprise of a brief introduction focusing the metal ion 
analyzed in the corresponding chapter. This is followed by the detailed results and 
discussion for each of the following works. All these synthesized or prepared 
chelating sorbents were characterized, and then systematically explored for the 
separation/preconcentration and determination of metal ions in real 
environmental, biological and food samples by flame atomic absorption 
spectrophotometer. The chapters also take into account the analyses of Standard 
Reference Materials and recovery experiments of the spiked real samples for the 
validation of the developed method in order to evaluate accuracy, precision, limit 
of detection and limit of quantification. 
 
The fourth chapter is about Poly(GMA-MMA-EGDMA) terpolymer 
functionalized with EDA. Here, a procedure is detailed for the trace 
determination of Cd(II) and Zn(II) by terpolymeric resin as a solid phase 
extractant coupled to Flame Atomic Absorption Spectrophotometer (FAAS). 
Terpolymeric resin was synthesized by chemical functionalization of 
Glycidylmethacrylate-Methylmethacrylate-Ethyleneglycoldimethacrylate (GMA-
MMA-EGDMA) resin beads with ethylenediamine chelating ligand.  The 
modified resin was characterized using FT-IR spectroscopy, Scanning electron 
microscopy (SEM) along with Energy Dispersive X-ray Analysis (EDAX), 
Elemental analysis (CHN), Thermogravimetric analysis (TGA)/Differential 
thermal analysis (DTA), surface area and pore size analysis. The optimum 
sorption was at pH 8±0.1. The resin shows maximum sorption capacity of 53.96 
mg g-1 for Cd(II) and 24.19 mg g-1 for Zn(II). Under the optimized conditions, 
many competitive anions and cations studied did not interfere at all in the 
determination of cadmium and zinc. In isotherm studies Langmuir, Dubinin-
Radushkevich, Scatchard and Temkin models were found to be the best fitted. 
Analytical figures of merit were evaluated by accuracy (SRMs and recovery 
experiment), precision (RSD <5%), and detection limit. The applicability was 
demonstrated by determination of cadmium and zinc in rice, bread and fruit juice 
samples. 
 
The fifth chapter details the research on Immobilization of GO sheets to GMA-
DVB copolymer beads via DETA spacer arm unit. 
In this chapter, Graphene oxide (GO) based glycidylmethacrylate chelating resin 
was synthesized by immobilization of GO sheets on to glycidylmethacrylate-
divinylbenzene resin beads via ethylenediamine (EDA) and diethylenetriamine 
(DETA) as spacer arms and used as novel solid phase extractant for the 
development of column preconcentration method. The synthesized resin was 
characterized by elemental analysis, infrared spectroscopy, surface area and pore 
size analysis, scanning electron microscopy, transmission electron microscopy, 
energy dispersive spectroscopy, surface area and pore size analysis, 
thermogravimetry and solid state 13C NMR. The resin was used for the first time 
as an effective sorbent for the preconcentration of cadmium and nickel in 
electroplating waste water, river water, tap water and fruit juice samples. The 
analytical variables like pH, flow rate for sorption/desorption, and eluate selection 
were systematically investigated and optimized. Under optimized conditions, the 
resin was observed to show a good sorption capacity of 17.02, 38.78 mg g−1 for 
Ni(II) and Cd(II), respectively with a regeneration cycle of 36. The prepared resin 
gives >96% recovery of Ni(II) and Cd(II) even in presence of a large number of 
competitive ions. The average column to column and day to day coefficient of 
variation of the method was found to be 2.96, 3.14% for Cd(II) and 3.46, 2.54% 
for NI(II), respectively, which supports the good precision of the developed 
method. The reliability, reproducibility and linearity were evaluated by analysis of 
SRM, recovery experiments, and a good linear coefficient of variation (<5). The 
applicability of the resin for the systematic preconcentration of Ni(II) and Cd(II), 
is substantiated by the analysis of electroplating waste water and river water 
samples. 
 
The sixth chapter is about Immobilization of Graphene oxide sheets onto 
Amberlite Xad-16 by azo (-N=N-) linking. A novel Graphene oxide 
immobilized Amberlite Xad-16 resin has been explored for its efficacy and 
applicability in solid phase extraction/ preconcentration coupled to atomic 
absorption spectrometric determination Pb, Cd and Zn ions. The prepared resin 
was characterized by infrared spectroscopy, Raman spectroscopy, scanning 
electron microscopy, transmission electron microscopy, energy dispersive X-ray 
analysis, thermogravimetry, and powder X-ray diffraction analysis. The 
maximum static sorption capacity of prepared resin was 186.5, 140.5 and 39.24 
mg g−1 for Pb, Cd and Zn ions, respectively. Its ability to extract trace amount of 
lead, cadmium and zinc was exhibited by low preconcentration limits of 2.0, 5.88 
and 5.88 µg L−1 and high preconcentration factor 500, 170 and 170 for Pb, Cd and 
Zn ions, respectively. The experimental parameters affecting the solid phase 
extraction of cadmium including sample pH, sorption time, flow rate for sorption 
and desorption, volume and concentration of eluent, sample volume and 
concomitant ions were investigated. The accuracy of the method was verified by 
determining the Pb, Cd and Zn content in the Standard Reference Material (SRM) 
Vehicle exhaust particulates NIES 8 and by recovery experiments in spiked real 
samples. The proposed method was successfully used to preconcentrate Pb, Cd 
and Zn ions from electroplating waste water, river water local city tap water with 
>95% recovery. 
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Chapter 1 
 
Introduction 
 
 
 
1 
 
1.1 Scope and Objective of the Proposed Work 
Since, the water and food samples are contaminated by toxic metal ions by their 
uncontrolled release into the environment through various activities. Therefore, it is 
important to examine and monitor its effect on human health and aquatic life. 
However, these metal ions are present at very low concentration and associated with 
other matrix ions in different samples. Thus, their direct determination is very 
challenging and required separation and preconcentration step. We illustrate the 
combination of solid phase extraction (SPE) with low sensitive analytical methods for 
accurate measurements of chemical species at extremely low concentrations. By 
considering their occurrence, the characteristics of toxic metal ions in the environment 
as well as the evolution of the directives which stipulate the limit values in water 
samples, the general objective of this thesis is the preparation of new chelating resins 
and to develop a new SPE method to separate and preconcentrate lead, cadmium, 
nickel, and zinc in real environmental samples prior to their accurate, precise and 
rapid determination using flame atomic absorption spectrometer (FAAS). 
More specifically the following objectives were proposed as shown in figure 1. 
 
Figure 1.1: Objectives of the work 
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1.2 Heavy metals exposure in the environment 
The basic and most important need of human and all living organism is water which 
comes from various water bodies such as rivers, lakes, wells, and natural hydrologies. 
Water is not only a need but also a prime source of survival in biosphere. 
Unfortunately, these systems are contaminated with various pollutants, as a result of 
sewage waste, marine dumping, industrial waste, underground storage leakages, 
atmospheric deposition and eutrophication due to uncontrolled expansion of 
industrializations and urbanization [1]. The pollutant contains various toxic metals 
such as lead, cadmium, nickel, arsenic, chromium, copper, mercury and zinc [2]. 
Human health is directly affected by these metals as they enters into the body through 
various pathways like inhalation, skin exposure or commonly via consumption of 
contaminated drinking water and food stuffs [3]. Metals in the environment may be 
present in the different states as solid, liquid and gaseous state or in varying forms as 
individual elements, organic and inorganic compounds. The movement of metals 
between environmental reservoirs may or may not involve changes of state. Gaseous 
and particulate metals may be inhaled and solid and liquid (aqueous-phase) metals 
may be ingested or absorbed, thereby entering the biosphere [4-6]. The toxicity of 
these ions comes from its non-biodegradable nature and accumulation behavior in the 
human body for a longer time period; this would also affect the aquatic habitats. The 
metals having density greater than that of water is known as heavy metals and the 
ultimate sink for these metals are earth crust, soils and sediments. Among the various 
toxic metals, Arsenic, chromium, cadmium, lead, and mercury are extensively used in 
the industrial manufacturing. Few Heavy metals are listed below with their 
toxicological effect. 
 
Lead 
Lead is emerged as a highly toxic cumulative poison in humans as it is listed in B2 
human carcinogen group by the US Environmental Protection Agency (USEPA) [7]. 
It brought into the all parts of the environment includes air, soil and water by its 
extensive use at large scale, such as construction material for equipment used in 
sulphuric acid manufacture, petrol refining, halogenation, sulfonation, extraction and 
condensation, in storage batteries, alloys, solder, ceramics and plastics. It is also used 
in the manufacture of pigments, tetraethyl lead and other lead compounds, 
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ammunition, and for atomic radiation and x-ray protection. Lead is used in aircraft 
manufacture, building construction materials (alloyed with copper, zinc, magnesium, 
manganese and silicon), insulated cables and wiring, household utensils, laboratory 
equipment, packaging materials, reflectors, paper industry, printing. Among the 
children, the most significant source of lead is dust contaminated by lead-based paint 
used for window and floor renovation [8] 
Health effect: Lead may cause fatigue, irritability, memory problems, reduction in 
sensory and motor reaction times, decision making impairment, and lapses in 
concentration. High exposure of lead can leads to irreversible brain damage, seizure, 
coma, and death. Children are much more easily affected by lead exposure than 
adults. It interferes with the development of the nervous system and is therefore 
particularly toxic to children, causing potentially permanent learning and behavior 
disorders [9]. About 50% of lead is absorbed with inhalation of dusts, 10-15% 
absorbed orally, out of which 90% is distributed to bones [10]. The maximum 
allowable limit of lead is 10 μg L-1 in drinking water as recommended by World 
Health Organization [11]. 
 
Cadmium 
Cadmium is classified as one of the human carcinogenic, since it has exerts toxic 
effect on the skeletal, kidney and respiratory systems. It is generally present in the 
environment at low levels. However, human activity has greatly increased those 
levels. Cadmium is mostly used in production of metal like zinc, lead, or copper. It 
also used in batteries, pigments, stabilizers for plastics and photovoltaic devices. The 
major source of cadmium exposure is cigarette smoking in smokers while for non-
smoking population it enters through food stuffs. 
Health effect: Chronic exposure of cadmium induces genomic instability through 
complex and multifactorial mechanisms, including proteinuria, a decrease in 
glomerular filtration rate, and an increase in the frequency of kidney-stone formation 
that causes certain forms of cancer [12]. Cadmium may cause renal injuries and may 
interfere with the renal regulation of calcium and phosphate balance. It was seen that 
exposure to abnormal levels of cadmium can result in its accumulation in the renal 
cortex, which causes a series of adverse subclinical reactions such as hypercalciurium, 
renal stones and renal tubular dysfunction besides probable development of 
carcinogenic activity in organisms [13,14]. 
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Nickel 
Nickel is the 24th most abundant element in earth’s crust and used in the production 
of stainless steels, non-ferrous alloys, and super alloys [15]. It is also used in 
electroplating, as catalysts, nickel-cadmium batteries, coins, welding products, and in 
certain pigments and electronic products [16]. It released in to the environment 
through various processes like windblown dust, volcanoes, combustion of fuel oil, 
municipal incineration, and industries involved in nickel refining. Humans are 
exposed to it through breathing of air or smoking of tobacco containing nickel, eating 
contaminated food, as well as drinking of water. 
Health effect: The most common adverse health effect of nickel in humans is an 
allergic reaction. People can become sensitive to nickel when things containing it are 
in direct contact with the skin, when they eat nickel in food, drink it in water, or 
breathe dust containing it. Less frequently, allergic people can have asthma attacks 
following exposure to nickel. Lung effects, including chronic bronchitis causes 
reduced lung function, and has been observed in workers who breathed large amounts 
of nickel. Long-term exposure can cause decreased body weight, heart and liver 
damage, and skin irritation. High levels of Nickel in the diet may be associated with 
an increased risk of thyroid problems, cancer, and heart diseases [17,18] 
 
Zinc  
Zinc is an essential trace element and has much great importance for humans, plants 
and animals. It plays a vital role in several biochemical processes and its compounds 
shows bactericidal activity. Zinc is widely used in industry to make paint, rubber, dye, 
wood preservatives, and ointments [19]. Also used for galvanizing sheet iron; as 
ingredient of alloys such as bronze, brass, Babbitt metal, German silver, and special 
alloys for die-casting; as a protective coating for other metals to prevent corrosion, for 
electrical apparatus, especially dry cell batteries, household utensils, castings, printing 
plates, building materials, railroad car linings, automotive equipment; as reducer (in 
form of the powder) in the manufacture of indigo and other vat dyes, for deoxidizing 
bronze; extraction of gold by the cyanide process, purifying fats for soaps. 
Health effect: Deficiency of zinc causes various diseases like ulcerative colitis, 
Crohn’s disease, diarrhoea, and short bowel syndrome Anorexia, lethargy, diarrhoea, 
growth restriction (delayed bone maturation), impaired immune function and 
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susceptibility to infection. The overdoses of zinc can results abdominal pain, nausea, 
vomiting and diarrhoea [20-23]. 
 
Arsenic  
In the priority list of hazardous substances issued by ATSDR 2015, arsenic got first 
rank [24]. The order of toxicity of arsenic in human is as, arsines> inorganic arsenites 
> organic (trivalent compounds arsenoxides) > inorganic arsenates>organic 
pentavalent compounds > elemental arsenic [25]. Reduced trivalent As(III) and 
oxidized pentavalent As(V) are two form of inorganic arsenic and can be absorbed 
and accumulated in tissues, and body fluids, particularly in keratin-rich tissues like 
hair, nail, and skin [26,27]. 
Health effect: The acute exposure of arsenic gives rise to vomiting, diarrhoea, 
weakness, prostration, and weight loss, cutaneous manifestations, hyperpigmentation, 
conjunctivitis, photophobia, pharyngitis, or irritating cough, asthma while chronic 
exposure results Bowen’s disease, palmar keratosis, skin cancer, squamous cell 
carcinoma, acute myeloid leukemia [27, 28].  
 
Mercury  
Mercury is another toxic heavy metal which combines with several other elements to 
form inorganic and organic mercury compounds. Mercury is used in scientific and 
electrical equipments, in the electrolytic production of chlorine and sodium 
hydroxide; and as a catalyst in polyurethane foam production [29]. The primary 
sources of inorganic mercury (metallic mercury and inorganic mercury compounds) 
are mining ore deposits, burning coal and waste, and from manufacturing plants [30]. 
It enters in the water or in soil from natural deposits, disposal of wastes, and the use 
of mercury-containing fungicides. Breathing of contaminated air or skin contact 
during use at workplace (dental, health services, chemical, and other industries that 
use mercury) represents occupational exposures. Inhalation of mercury vapour is the 
most important route of uptake of elemental mercury [31]. An organic mercury 
compound, namely methyl mercury, is produced mainly by small organisms in water 
and soil.  
Health Effect: Mercury poisoning can result in several diseases, including Hunter-
Russell syndrome, and Minamata disease. Mercury vapours are considered as highly 
toxic because it consists of free, neutral atoms. When the vapours inhaled, the atoms 
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diffuse from lungs to bloodstreams and cross the blood brain barrier and to reach in 
brain [30]. Acute inhalation of mercury (Hg°) results noncardiogenic pulmonary 
edema leading to death. Inorganic mercury ingestion causes gastroenteritis, nephritic 
syndrome, or acute renal failure and cardiovascular collapse. High exposure of 
mercury during pregnancy causes derangement of fetal neuronal migration which 
gives severe mental retardation [28].  
 
Chromium 
Chromium is released into ecosystem from its wide usage in chrome tanning, 
electroplating, printing industries, oxidative dyeing and cooling water towers [32,33]. 
In an aqueous environment, chromium usually exists in trivalent Cr(III) and highly 
mobile toxic hexavalent Cr(VI) forms. USEPA and International Agency for Research 
on Cancer (IARC) [34, 35] declared Cr(VI) as carcinogenic since, it can causes 
cancer, mutations and skin dermatitis.  
Health effect: Although Cr(III) is essential element for biological mechanisms but its 
high dose in the cell can leads to DNA damage. Human exposure to Cr (VI) 
compounds is associated with a higher potential risk of chromium-induced respiratory 
system cancer [36]. Chromium can diffuse in the forms of CrO42− and HCrO4− 
through the cell membrane, and subsequently oxidize the biological molecules [37]. 
Long term exposures to high or moderate levels of chromium (VI) causes damage to 
the nose (bleeding, itching, and sores) and lungs and can increase risk of non-cancer 
lung diseases. 
 
Drinking water guidelines for heavy metals: USEPA [38], World Health 
Organization (WHO) [39] and Canadian organization [40] recommended a regulatory 
limit of heavy metals in drinking water out of which some of them are listed in table 
1.1. 
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1.3 Preconcentration 
Quantitative determination of heavy metal in various samples including wastewater, 
water bodies, food and biological samples is important in order to control their 
assessment and effect on ecosystem. These metals present at a very low concentration 
in different systems associated with some coexisting ions. Hence, their direct 
determination is not possible even though, there are large numbers of sophisticated 
instrumentations available for metal ion determination [41-43]. So, it requires a 
preconcentration step for the selective separation by removing coexisting ions before 
subjected to determination without interferences. Preconcentration is an operation as a 
result of which the ratio of the concentrations or the amount of trace analytes 
increases, lowering the detection limit and simultaneously eliminates matrix 
interferences [44]. Preconcentration is not only concentrating the analytes but it also 
enhances the sensitivity and accuracy of the results, facilitates calibration and offers 
high degree of selectivity towards analytes. The coupling of preconcentration method 
to that of detection techniques improves the quality and reliability of the final results 
[45]. SPE is well established preconcentration technique helpful in sample-
preparation step for both highly sensitive techniques like, ICP-MS [46-49] and ET-
AAS [50-52] often suffering from strong interferences, and the less sensitive 
techniques such as FAAS [53-56], often exhibiting a limit of quantification (LOQ) 
that is insufficient for metal ion determination in many real samples. The use of 
chelating sorbents in the preconcentration of analyte in a flow mode process shortens 
the time of the overall procedure where the analyte separation takes place under non-
Table 1.1 Recommended limits of heavy metal ions in drinking water 
Heavy 
Metal 
USEPA 
MACa 
(µg/L) 
WHO 
MACa 
(µg/L) 
Canadian 
MACa 
(µg/L) 
Pb 15 10 10 
Cd 5 3 5 
Cr 100 50 50 
As 10 10 10 
      Hg 
(inorganic) 2 6 1 
aMAC= maximum allowable concentration 
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equilibrium conditions. Depending on the purpose, trace elements can be enriched 
selectively or in combinations and either separation of the matrix or separation of the 
trace components can be used. For the analysis of high purity metals, matrix removal 
is used. If the matrix contains several elements forming complex compounds 
(geological and biological materials), it is better to isolate the trace elements. 
Sometimes, there is no need to remove the matrix completely; the process is then 
called "enrichment". However, it is usually more profitable to change to another 
matrix which better meets the demands of the subsequent determination, simplifies a 
calibration, etc. Of the analytical techniques for preconcentration and separation, SPE 
has been preferred over other traditional procedures, such as liquid-liquid extraction 
(LLE) [57,58], cloud point extraction (CPE) [59,60], and electrochemical methods 
mainly because it is more efficient and much less time-consuming also avoids large 
use of organic solvents. Many other methods are used for analyte preconcentration 
can be classified according to their mode of separations and the number and nature of 
the phases involved in the separation process are as follows: 
 Membrane filtration [61] 
 Co-precipitation [62,63] 
 Electrochemical Techniques [64] 
 Crystallization [65] 
 Ion Flotation [66] 
 Stir-bar sorptive extraction (SBSE) [67] 
 Solidified floating organic drop microextraction (SFODME) [46] 
 Solid-phase extraction (SPE) [68,69] 
 
1.4 Solid Phase Extraction (SPE) 
Analytical chemists are continuously searching and giving priority towards sample 
preparation methods that are faster, easier, safer, eco-friendly and less expensive, to 
provide accurate and precise data. SPE is a sample preparation technique for the 
separation of analyte ions from a mixture of impurities according to their physical and 
chemical properties. Now a day’s use of chelating resin in SPE turned out to be active 
research area in the field of separation science. The basic approach for SPE requires a 
packed sorbent which could be a column, a cartridge, a tube or a disk that retains the 
analyte after passing the aqueous sample through it. The separation ability of SPE is 
based on the preferential affinity of desired or undesired solutes in a liquid (mobile 
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phase) for a solid (stationary phase) through which the sample is passed. After passing 
of the sample solution, the desired analytes were adsorbed or retain by the sorbent and 
finally eluted by using some stripping agents and their concentration can be 
determined by sophisticated analytical instruments. 
Basic principles  
SPE is similar in principle as that of liquid-liquid extraction (LLE), since it involving 
the partitioning of solute between two phases. The only difference is that, LLE 
involves the partitioning of two immiscible liquid phases while in SPE partitioning of 
liquid phase (sample matrix) and a solid phase (sorbent) takes place. SPE enables the 
concentration and separation of analytes from different solutions by sorption on a 
solid sorbent. The sorption of analytes from aqueous solutions by sorbent is carried 
out by various mechanism, like adsorption, chelation, ion exchange and other 
chemical reactions on or in the sorbent. In highly non-polar solid sorbent, the trace 
elements are usually adsorbed on solid phase through van der Waals forces or 
hydrophobic interaction. The strong or weak cationic or anionic functional groups in 
ion exchange sorbent can exchange with the associate counter analyte ion. Chelating 
sorbents having functional groups that contains donar atoms like N, O and S which 
form chelates with metal ions particularly in metal ion extraction. The entire solution 
that contains analytes has been passed through the sorbent and the sorbed analytes are 
then subsequently recovered by using an appropriate eluting agent. 
SPE Procedure 
SPE technique involves four steps operation as shown in figure 1.2. 
STEP 1: Conditioning 
The solid sorbent should be preconditioned using an appropriate solvent, followed by 
the same solvent as the sample solvent. It removes the impurities initially contained in 
the sorbent and enables the wetting of the packing material and the solvation of the 
functional groups. It also removes the air present in the column and fills the void 
volume with solvent.  
For the effective sorption and good recoveries care must be taken, solid sorbent do not 
allows drying between conditioning and treatment step.  
STEP 2: Sample loading 
The second step is the percolation or loading of the sample containing analytes 
through the solid sorbent packed in the column. The volume of the sample varied 
according to the system used. The sample loading can be applied to the column by 
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gravity, pumping through peristaltic pump, aspirated vacuum or by an automated 
system.  
 
Figure 1.2: SPE operation steps 
 
STEP 3: Washing 
The third step (which is optional) may be the washing of the solid sorbent with an 
appropriate solvent, having low elution strength, to eliminate matrix components that 
have been retained by the solid sorbent, without displacing the analytes. A drying step 
may also be advisable, especially for aqueous matrices, to remove traces of water 
from the solid sorbent. This will eliminate the presence of water in the final extract, 
which, in some cases, may hinder the subsequent concentration of the extract and or 
the analysis.  
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STEP 4: Elution 
The final step is the elution of the analytes of interest by an eluting solvent, without 
removing retained matrix components. The volume of the eluting solvent should be 
varying in such a manner so that quantitative recovery of the analyte is achieved 
subsequent low dilution. 
 
Advantages and scope of SPE 
SPE offers a number of important advantages compared to classical liquid-liquid 
extraction (LLE), these are as follows:  
 Simple methodology 
 Flexibility and stability 
 Fast phase separation with absence of emulsion 
 High enrichment factor with reproducibility 
 Low cost because of lower consumption of reagents 
 Field sampling 
 Safety with respect to hazardous samples 
 Ease of automation and more scope for coupling to different detection techniques 
Moreover, SPE can eliminate the use of consumption of organic solvents from the 
sample preparation process since, the analyte can be directly extracted from the liquid 
sample onto the solid sorbent, and principally when analytical measurements are 
carried out on the solid support. SPE is a popular preconcentration technique for its 
ability to work when coupled with different sophisticated analytical detection 
techniques such as inductively coupled plasma optical emission spectrometry (ICP-
OES), and ICP-MS, and FAAS: off-line and on-line. For the analysis of complex 
samples offline SPE are preferred due to its greater flexibility and ability to analyze 
the same extract using various techniques. However, compared to off-line procedures, 
adaptation of the SPE technique to on-line flow conditions enables us to obtain the 
higher sample throughput, thanks to the whole procedure being realized automatically 
under non-equilibrium conditions, lower sample consumption, and lower sample 
contamination resulting from working in a closed system [53]. In addition, the limits 
of detection (LODs) and enrichment factors (EF) of the offline method are far better 
than those of on-line.  
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1.5 Types of SPE sorbents 
SPE sorbents have been classified into various categories according to their nature of 
solid support or matrix as listed in figure 1.3. 
Polymeric resins/materials  
Number of sorbents, such as polystyrene and glycidylmethacrylate resins, silica and 
silica gel, cellulose, polyurethane foam, molecular imprinted polymers (MIPs) and 
other supports, has been employed as SPE sorbents. Nascent polystyrene 
divinylbenzene resins such as Amberlite XAD-1180 [70], XAD-4 [71], and XAD-16 
[72] are used directly for enrichment of inorganic species as their halide or 
thiocyanate complex. Polystyrene resins involves van der Waals forces interaction 
mechanism; therefore, the more hydrophobic the compound the larger the 
breakthrough volume will be and, the larger the sample size from which quantitative 
recovery can be expected. The properties of macroporous hydrophobic resins of the 
Amberlite XAD series (polystyrene divinylbenzene resins) such as porosity, uniform 
pore size distribution, high surface area and chemical stability towards acids, bases, 
and oxidizing agents and ease in regeneration makes it superior support for the 
preparation of chelating resin over other matrices. Silica-based sorbents have 
drawbacks like, instability at extreme pH values, low recovery for polar compounds, 
presence of residual groups; they are not wettable by water alone and always need a 
conditioning step with a wetting solvent, such as methanol. Despite the high 
selectivity in MIPs, they suffers with the limitations like as number of steps, long time 
requirement, low binding capacity and less site accessibility. 
 
Nanostructured materials as SPE sorbents 
In recent years, nanomaterials are extensively used as SPE sorbents in the various 
field of analytical chemistry for the development of new methodologies, since their 
specific physical and chemical properties associated with their nano-size structure 
also provide numerous advantages in this field. The nano-sized structures may be in 
the form of particles, pores, wires or tubes have great application in sample 
preparation procedures for sample clean-up and preconcentration of the analytes [73-
75]. The physicochemical properties of these nanomaterials can be controlled through 
structural design, incorporation of suitable metallic or non-metallic component or by 
modification of their surfaces. The physical, material and chemical properties of 
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nanomaterials are directly related to their intrinsic composition, apparent size and 
extrinsic surface structure. Majority of nanomaterials were classified as metallic 
nanomaterials (Au Nps, Ag NPs, Fe3O4, TiO2, Al2O3, ZrO2, MnO, CeO2 etc.), silica 
nanomaterials (Si NPs) and carbon based nanomaterials (CNTs, MWCNTs) [75-77]. 
Nanoparticles were used for the separation and determination of analytes [77], or even 
detection after chemical modification by a desired reagent. Nanoparticles are 
immobilized onto solid support, mainly with magnetic properties. Iron oxide 
nanoparticles such as magnetite (Fe3O4) or its oxidized form maghemite (γ-Fe2O3) are 
the most popular because of its strong magnetic character and can be easily isolated 
from sample solution by applying external magnetic field without additional filtration 
process [78,79]. The silanol groups on the silica coating provide many possibilities for 
surface functionalization of metallic nanoparticles [80]. 
 
 
Figure 1.3: Different types of SPE sorbents 
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Carbonaceous nanomaterials as SPE sorbent 
Carbon nanotubes 
Since the discovery of carbon nanotubes (CNTs) in 1991 [81], the development of 
SPE sorbent using CNTs has been turned out to be the active research area in 
analytical sciences. The properties like as large surface area, especially on the outside, 
and interstitial spaces within nanotubes bundles and also their chemical, mechanical 
and thermal stability makes CNTs as suitable sorbent for SPE. In addition, the 
manipulable surface chemistry of CNTs offer both chemical or physical 
functionalization by introducing simple organic groups, biomolecules, polymers, 
bacteria, and others; in order to optimize specificity of the approach or improve 
subsurface mobility for sorption of target analytes even at trace levels. Multiwalled 
carbon nanotubes (MWCNT) have been more frequently used as SPE for analyte 
extraction rather than single walled carbon nanotubes (SWCNTs) in analyte extraction 
although they are smaller in diameter and have high surface area. This may be due to 
the fact that SWCNTs are more acid resistant than of MWCNTs and required more 
aggressive conditions for the acidic oxidation in order to introduce functional groups 
like hydroxyl, carboxyl and carbonyl, in latter it is favourable [82]. 
 
Graphene and Graphene oxide 
In the last few years, researchers from the entire glove have been focusing to 
graphene and graphene oxide as superior SPE sorbent for the sample preparation [83]. 
Since, it shows adsorptive properties apart from mechanical, optical and thermal 
properties. Graphene oxide contains large quantities of oxygen atoms on its surface as 
hydroxyl, epoxy, carbonyl groups [84], therefore, possesses much more hydrophilicity 
and these oxygen atoms have lone pair electrons and by the sharing of electrons they 
can efficiently bind metal ion to form a metal complex and in addition with the large 
specific surface, it shows high sorption capacity towards metal ions [85]. For selective 
separation or speciation of metal ions graphene or graphene oxide can be further 
chemically modified and studied in both batches as well as in column procedures 
[86,87]. The irreversible aggregation of graphene oxide can be restricted by its 
immobilization onto a solid support for column operation. Graphene/graphene oxide 
are used for preconcentration of organic compounds and trace metal ions from water, 
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food, biological and environmental samples using chromatography and spectroscopy 
techniques [88-91] by SPE, SPME and magnetic SPE methods. 
 
 
1.6 Commonly analytical techniques coupling with SPE   
Some frequently used analytical techniques in combinations with preconcentration 
may be described as follows:  
 
Adsorptive stripping Voltammetry  
Anodic Stripping Voltammetry (ASV) is popular in trace analysis, mainly of heavy 
metal ions, because of the low limit of determination-ranging to sub ppb 
concentrations, its accuracy and precision, as well as the low cost of instrumentation. 
ASV is based on previous electrolytical accumulation of the compound to be 
determined on the working electrode, followed by voltammetric dissolution 
(oxidation) of the reduced substance formed. In addition, some anions or organic 
compounds can be accumulated on a mercury electrode to form an insoluble 
compound with the mercury ions obtained by dissolution of the mercury electrode at 
positive potentials. In cathodic stripping voltammetry (CSV), the reduction process of 
the mercury compound on the electrode surface is studied. The electrolytic 
accumulation of the species on the working electrode is leading to a substantial 
increase in the sensitivity in both types of methods. 
The high sensitivity of adsorptive stripping method is obviously their greatest 
advantage. On the other hand, a serious drawback is interference from other surface-
active substances that may be present in the solution. In this case, competitive 
adsorption usually occurs and leads to a decrease in the measured current or, at very 
high surface-active substance (s.a.s.) concentrations, to significant suppression of the 
signal. Interfering effects depend on the nature of both the analyzed and interfering 
substances and on their concentration ratio in the determination.  
Evidently, the interfering effect of s.a.s. can be minimized by employing short 
accumulation times; however, this approach is not suitable in the determination of 
trace amounts of analyte. It is then necessary to employ suitable separation of 
interfering compounds, e.g. the application of LC or gel chromatography and 
extraction procedures [92-94].  
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X –Ray fluorescence analysis  
X-ray fluorescence (XRF) spectrometry is used for the analysis of liquid samples, the 
liquid in a specially designed liquid sample holder is irradiated directly with X-rays.  
However, the abundance of effective amounts of analytes in the irradiated volume is 
insufficient for the determination of trace metals in natural water for direct analysis of 
liquid samples. Therefore, for the quantitation of trace metals in aqueous samples by 
XRF, it is necessary to preconcentrate the analytes through accepted sample 
pretreatments [95-97]. In this case, group concentration, and more rarely individual 
concentration, is used and the concentrate should preferably be a solid which can be 
analyzed directly. Otherwise, several operations must be successively performed. 
Thus for example, extracts are often decomposed and the trace elements sorbed on 
cellulose powder or silica gel carrying functional groups. It is more convenient to do 
the extraction with low-melting reagents at increased temperature. In this case, the 
solidified concentrate may at once be pressed into a tablet and analyzed.  
 
Spectrophotometric determination  
In the visible and ultraviolet regions combinations of concentration, especially 
extractive, with spectrophotometry are more commonly used. 
Individual concentration steps or successive separations of several elements are 
usually preferred. The matrix is very rarely separated in this case. Most frequently, the 
reagent used for concentration also gives a colored complex with the analyte. 
However, two reagents may also be used: first, the most selective reagent is used for 
the separation and then, for the determination, a reagent which may not be selective, 
but is the most suitable form for the photometry is employed. The second reagent may 
also be added after back-extraction or mineralization of the extract [98-100].  
 
Neutron-activation analysis  
In this method two distinct ways of trace concentration are involved: before 
irradiation and after it. Separation of the matrix before irradiation is necessary if it is 
strongly activated and the radioisotopes formed have long half-lives. In the 
concentration, trace components which are strongly activated (but are not to be 
determined) may also be separated. However, concentration before irradiation 
nullifies one of the main advantages of activation analysis-that a blank correction is 
unnecessary. This advantage is still valid, however, in the case of concentration after 
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irradiation. In analytical practice, both variants are used but the second is used more 
frequently [101,102].  
 
Electrothermal Atomic Absorption Spectrometry  
Electrothermal atomic absorption spectrometry (ETAAS) is most powerful and 
popular analytical tool due to their high selectivity and sensitivity for the 
determination of low concentration of metal ions, present in environmental samples 
and biological materials. Nevertheless, they are potentially prone to spectroscopic 
and/or non-spectroscopic interferences. Various schemes have been suggested to 
alleviate the interfering effects and facilitate reliable analysis such as protocols 
ranging from instrument modifications (e.g. background correction) to experimental 
designs (e.g. standard addition or internal standardization). However, instead of 
implementing such approaches, there is a much simpler and effective solution to the 
problem, namely to subject the sample to appropriate pretreatments before it is 
presented to the detector. Preconcentration addresses these serious problems for the 
determination of metal ions. Concentration of the desired trace elements can extend 
the detection limits, remove interfering constituents, and improve the precision and 
accuracy of the analytical results [50-52].  
 
Inductively coupled plasma optical emission spectrometry (ICP-OES)  
Inductively coupled plasma optical emission spectrometry (ICP-OES) is an analytical 
technique often employed to determine metal ions in various types of samples [103]. 
However, their sensitivity and selectivity are usually insufficient for direct 
determination of these contaminants at a very low concentration level in complex 
matrix environmental samples. Moreover, several types of spectral interference have 
been reported in the determination of metal ions by ICP-OES. Hence, 
preconcentration and separation procedures have been devised to allow trace amounts 
of metal ions to be determined in complex matrices using ICP-OES [104].  
 
Inductively coupled plasma mass spectrometry (ICP-MS)  
Although inductively coupled plasma-mass spectrometry (ICP-MS) capable of the 
rapid simultaneous analysis of multiple elements over a large range of concentrations 
from a single aliquot of sample, the high salinity concentrations of open ocean 
samples can cause substantial salt precipitation and build-up, unpredictable 
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suppression or enhancement effects as well as mask the analyte signal through the 
formation of isobaric and polyatomic interferences due to the presence of high salt 
content in the samples. In particular, the matrix elements in the sample can combine 
with carbon in the atmosphere and/or argon in the plasma and result in the formation 
of polyatomic species which may interfere with the determination of numerous 
analytes including transition metals and rare earth elements. In addition, when the 
sample contains a very high concentration of dissolved salts, e.g. seawater; clogging 
of the sample introduction system or of the injector tube of the torch may occur. 
Therefore, direct sample injection is impractical, requiring sample pre-treatment to 
remove the high salinity matrix by either dilution of the sample or using analyte 
extraction/separation techniques. Despite the sensitivity of ICP-MS, open ocean trace 
metal concentrations are often at or below the detection limit, prohibiting the further 
dilution of samples. It is therefore advisable to concentrate and separate the trace 
metals from the seawater matrix prior to ICP-MS analysis [46-48].  
 
Inductively coupled plasma atomic emission spectrometry (ICP-AES)  
Inductively coupled plasma atomic emission spectrometry (ICP-AES) is widely 
recognized as a multi-element technique for the determination of elemental species, 
though direct determinations in environmental and biological samples at trace level is 
difficult, because the aspiration of solutions with high salt concentrations in the 
plasma can cause problems such as blockage of the nebulizer, considerable 
background emission, and transport and chemical interferences with a consequent 
drop in sensitivity and precision. This limitation can be overcome by using 
enrichment methods in that metals ions of interest from solutions are selectively 
separated and preconcentrated into smaller volumes to achieve better detection by 
ICP-AES [105,106]. 
 
Flame Atomic Absorption Spectrometry (FAAS) 
Flame atomic absorption is well established and most widely used technique for the 
elemental determination in various types of samples with good sensitivity at the level 
of ppm or less. FAAS is applicable where the analyte is in solution or readily 
solubilised. The priority of FAAS among various other sophisticated techniques for 
metal detection is because of its desirable characteristics such as operational facilities, 
good selectivity, and low cost. However, in the presence of a very high excess of 
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diverse ions compared with the level of analyte, some limitations, mainly those 
related to the sensitivity are observed. Under trace analysis, it needs a 
preconcentration and /or separation step of trace elements which is responsible for the 
improvement of detection limits and selectivity of their determination. For effective 
preconcentration, solid phase extraction has been coupled with FAAS. The prime 
advantage of this technique is the possibility of using a relatively simple detection 
system with flame atomization instead of a flameless technique, which requires more 
expensive equipment and is usually much more sensitive to interferences from macro 
components of various natural matrices [41]. 
Principles 
The technique makes use of absorption spectrometry to assess the concentration of an 
analyte in a sample and it relies therefore heavily on Beer-Lambert law. The sample that 
contains analyte is aspirated into a flame and converted to atomic vapours. Now flame 
only has atoms of the analyte. Amongst these atoms few of them are promoted to 
excited state but most of them are in ground state. The ground state atoms absorb 
energy of particular wavelength. The absorption of resonant radiation by ground state 
atoms of the analyte is used as the analytical signal. This amount of energy (or 
wavelength) is specific to a particular electron transition in a particular element, and 
in general, each wavelength corresponds to only one element. A block diagram of 
Atomic absorption spectrometer has been shown in figure 1.4 indicating the necessary 
equipments. 
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Figure 1.4: Atomic absorption spectrometer block diagram 
 
Atomizer 
In this technique flame used as atomizer for the sample [107], but other atomizers 
such as a graphite furnace [108] or plasmas, primarily inductively coupled plasma, 
can also be used [109].  
When a flame is used it is laterally long (usually 10 cm) and not deep. The height of 
the flame above the burner head can be controlled by adjusting the flow of the fuel 
mixture. A beam of light passes through this flame at its longest axis (the lateral axis) 
and hits a detector. During atomization several process are involved as described in 
block diagram (Figure 1.5). 
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Figure 1.5: Different process during analysis of sample 
 
Analysis of liquids 
Nebulization: A solution of the analyte is nebulized by a flow of gaseous oxidant, 
mixed with a gaseous fuel, and carried into a flame. 
Desolvation - the liquid solvent is evaporated, and the dry sample remains. 
Volatilization (Ashing) - the solid sample vaporizes to a gas. 
Atomization- the compounds making up the sample are broken into free atoms 
 
Radiation Sources 
In Atomic absorption, a sharp line source is selected, since the width of the absorption 
line is very narrow. 
Hollow cathode lamps (HCLs) 
HCLs are the most common radiation source in atomic absorption spectroscopy. 
Inside HCL, filled with argon or neon gas, is a cylindrical metal cathode containing 
the metal for excitation and, an anode. When a high voltage is applied across the 
anode and cathode, gas particles are ionized. As voltage is increased, gaseous ions 
acquire enough energy to eject metal atoms from the cathode. Some of these atoms 
are in excited states and returned to lower energy states and emit light with the 
frequency characteristic to the metal [107,110]. The HCL emitted lines are passed 
through the flame and absorbed by the test analyte. Many modern HCLs are selective 
for several metals.  
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Diode lasers 
Diode lasers can also be used in atomic absorption spectroscopy because of their good 
properties for laser absorption spectrometry [107]. The technique is then either 
referred to as diode laser atomic absorption spectrometry (DLAAS or DLAS) [111], 
or since wavelength modulation most often is employed, wavelength modulation 
absorption spectrometry. 
Interferences 
Spectral interferences  
Spectral interferences in FAAS are less frequently observed compare to plasma 
generated techniques (ICP-OES). Spectral interferences are arises mainly due to 
following causes: 
 When the resonance line emitted by the HCL overlap with absorption line of the 
other element.  
 The presence of combustion products that exhibits broad band absorption or scatter 
radiation that reduces the power of the transmitted radiation and results positive 
analytical error. 
 Source of absorption or scattering originates in the sample matrix which reduces 
the power of the transmitted beam not the incident beam and lead to a positive 
error in absorbance and thus concentration results. 
 Sample contains organic species or organic solvents used in order to dissolve the 
sample. Carbonaceous particles that are left by the incomplete combustion of 
organic matrices are responsible for the scattering of light. 
 
Chemical Interference 
Chemical interference may encounter when the sample containing components are not 
decomposed in flame. Usually, these components form refractory oxides when 
aspirated into the flame and fail to convert into free atoms. This problem can be 
overcome by the following methods, one is by adding an excess of another element, 
which will also form a thermally stable compound with the interferent. In the case of 
calcium, lanthanum is added to tie up the phosphate and free the calcium to be 
atomised making the calcium absorbance independent of the amount of phosphate. In 
second method, problem can be overcome by increasing the amount of energy means 
using hotter flame. The nitrous oxide-acetylene flame is considerably hotter than air-
acetylene and can often be used to minimise chemical interferences for the elements 
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generally determined with air-acetylene. In case of calcium, interference by phosphate 
is not observed in nitrous oxide-acetylene flame, eliminating the need for the addition 
of lanthanum. 
 
Ionisation Interference 
Ionization interference is often observed in very hot flame where ground state gaseous 
atoms may be further ionized. If additional energy is applied, the ground state atom 
can be thermally raised to the excited state; or if thermal energy is sufficient, the 
electron may be totally removed from the atom, creating an ion. As these electronic 
rearrangements deplete the number of ground state atoms available for light 
absorption, atomic absorption at the resonance wavelength is reduced. When an 
excess of energy destroys the ground state atom, ionisation interference exists. 
For any element, the gas phase ionization equation is 
M(g) M+(g) + e- ; K = [M+][e-]/[M] 
Ionisation interference can be overcome by adding excess of an element which is 
more easily ionised, creating a large number of the electrons in the flame and 
suppressing the ionisation of an analyte. Sodium or potassium is commonly used as an 
ionisation suppressant.  
 
Physical interferences:  
Physical interferences originate when the variation in the physical properties of the 
analytical sample such as viscosity, surface tension, vapour pressure and temperature 
were observed. The change in these properties will have effect on sample intake and 
atomization efficiency. Physical interferences can be controlled by dilution of sample 
and using internal standard.  
Methods for reduction of interferences 
 Ensure if possible that standard and sample solutions are of similar bulk 
composition to eliminate matrix effects. 
 Change of flame composition or of flame temperature can be used to reduce the 
likelihood of stable compound formation within the flame. 
 Selection of an alternative resonance line will overcome spectral interferences 
from other atom or molecules and from molecular fragments. 
 Separation, for example by solvent extraction or an ion exchange process, may 
occasionally be necessary to remove an interfering element. 
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Background Correction methods 
The narrow bandwidth of hollow cathode lamps makes spectral overlap rare. That is, 
it is unlikely that an absorption line from one element will overlap with another. 
Molecular emission is much broader, so it is more likely that some molecular 
absorption band will overlap with an atomic line. This can result in artificially high 
absorption and an improperly high calculation for the concentration in the solution. 
Three methods are typically used to correct this, namely:  
Zeeman correction 
The atomic line split in to two sidebands when magnetic field is used. These 
sidebands are close enough to the original wavelength to still overlap with molecular 
bands, but are far enough not to overlap with the atomic bands. The absorption in the 
presence and absence of a magnetic field can be compared, the difference being the 
atomic absorption of interest. 
Smith-Hieftje correction 
The HCL is pulsed with high current, causing a larger atom population and self-
absorption during the pulses. This self-absorption causes a broadening of the line and 
a reduction of the line intensity at the original wavelength [112]. 
Deuterium lamp correction 
In this case, a separate source (a deuterium lamp) with broad emission is used to 
measure the background emission. The use of a separate lamp makes this method the 
least accurate, but its relative simplicity (and the fact that it is the oldest of the three) 
makes it the most commonly used method. 
 
1.7 Statistical Treatment of Data 
Analytical chemistry besides providing the methods and tools needed for insight into 
our material world [113], seeks to improve the reliability of existing techniques to 
meet the demands for better chemical measurements which arise constantly in our 
society [114]. Statistical analysis is necessary to understand the significance of 
collected data and to set limitations on each step of the analysis. The design of 
experiments is determined from proper understanding of what the data will represent. 
It is impossible to perform chemical analysis that is totally free from errors, or 
uncertainties. Every measurement is influenced by many uncertainties, which 
combine to produce a scatter of results. It is seldom easy to estimate the reliability of 
experimental data. However, the probable magnitude of the error in a measurement 
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can often be evaluated statistically. Limits within which the true value of a measured 
quantity lies at a given level of probability can then be defined. Chemical analyses are 
affected by at least two types of errors namely systematic and random based on their 
source. Systematic errors have definitive value, assignable cause and unidirectional of 
nature. Systematic errors can be reduced to a negligible level if an analyst pays 
careful attention to the details of the analytical procedure including methods, periodic 
calibration of the instruments and self discipline. Random errors are the accumulated 
effect of the individual indeterminate uncertainties. It is caused by the uncontrollable 
variables that are an inevitable part of physical and chemical measurement. It causes 
the data to scatter more or less symmetrically around the mean in a random manner 
which are assumed to be distributed according to the normal error law (Gaussian 
curve). They are revealed by small differences in replicate measurements of a single 
quantity and affect the precision of the results. They are more difficult for an analyst 
to eliminate, but they can be minimized by increasing the number of replicate 
measurements. The random error in the result of an analysis can be evaluated by the 
method of statistics [115]. The most common applications of statistics to analytical 
chemistry include:  
 To establish confidence limits for the mean of a set of replicate data. 
 To determine the number of replicate measurements required to decrease the 
confidence limit for a mean to a given probability level. 
 To determine at a given probability whether an experimental mean is different 
from the accepted value for the quantity being measured (t test or test for bias in 
an analytical method). 
 To determine at a given probability level whether two experimental means 
(different methods) are different. 
 To determine at a given probability level whether the precision of two sets of 
measurements differs (F test). 
 To decide whether a questionable data is probably the result of a gross error and 
should be discarded in calculating a mean (Q test). 
 To define an estimate detection limit of a method. 
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The commonly used terms in the statistical analysis 
Mean- The mean (x) is obtained by dividing the sum of the replicate measurements 
(Σxi) by the number of observations (N) performed in a set. The mean is considered to 
be the best estimate of the true value, which can only be obtained if an infinite 
number of measurements are performed. 
 
 
Accuracy 
The term accuracy as used in analytical chemical literature is a measure of the degree 
to which a mean (x) obtained from a series of experimental measurements, agrees 
with the value, which is accepted as the true or correct value for the quantity. It is 
expressed by the error; either absolute or relative error. There are two types of errors 
according to their nature and source- systematic errors and random errors. Systematic 
error causes the mean of a set of data to differ (unidirectional) from the accepted 
value. They have definitive value, assignable cause and affect the accuracy of results. 
Random error causes data to be scattered more or less symmetrically around a mean 
value. It mainly affects the precision of measurement. 
Precision 
Precision describes the agreement among the replicate measurements and is generally 
expressed as standard deviation, coefficient of variation (relative standard deviation) 
and variance. 
Standard deviation 
Standard deviation(s) measures how closely the data are clustered about the mean. 
When measurements are repeated, the scatter of the results will be around the 
expected value of the results, if no bias exists. 
 
 
In analytical chemistry, this scatter is more often than not of such a nature that it can 
be described as a normal distribution. The mean gives the centre of the distribution. 
Standard deviation measures the width of the distribution. Therefore, an experimental 
technique that produces a small standard deviation is more reliable (precise) than one 
that produces a large standard deviation provided that they are equally accurate. The 
square of the standard deviation, s2, is known as variance. 
N
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Coefficient of variation 
Precision is more often expressed as the coefficient of variation which is the standard 
deviation divided by the average and multiplied by 100. Since the average and 
standard deviation have same dimension, the coefficient of variation is dimensionless; 
it is only a relative measure of precision. Therefore, it is sometimes also known as 
relative standard deviation (RSD). 
 
 
Confidence limit and confidence interval 
Calculation of s (standard deviation) for a set of data provides an indication of the 
precision inherent in a particular method of analysis. But unless there is a large 
number of data, it does not by itself give any information about how close the 
experimentally determined mean (x) might be to the true mean value μ (population 
mean). Statistical theory, though, allows us to estimate the limits around an 
experimentally determined mean (x) within which the population mean or true value 
(μ) expected to lie, within a given degree of probability. The likelihood that the true 
value lays within the range is called confidence level or probability usually expressed 
as a recent. 
Confidence limit for μ
N
tsx ±=  
where t is the student’s t value which depends on the desired confidence level and this 
equation holds when σ, population standard deviation is not known. 
Correlation coefficient 
The correlation coefficient is a measure of the linear relationship between two 
variables. In order to establish the linear relationship between variables xi and yi the 
Pearson’s correlation coefficient r is used. 
 
The r may have values between +1 and –1. When the r is +1, there is a perfect 
correlation, i.e. an increase in one variable is associated with an increase in the other. 
When the r is –1, there is perfect negative correlation, i.e., one variable increases 
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where as the other decreases. When r is zero, one variable has no linear relationship to 
the other. The correlation coefficient r is calculated by using the above equation. 
Regression equation 
When two variables exhibit a linear relationship, we may be interested in quantifying 
the relationship so that a value of one variable may be estimated from the other. A 
common example is the construction of calibration curve, which relates the 
concentration of analyte to absorbance or any measurable property. The least square 
curve fitting technique is the most commonly accepted mathematical procedure 
known for this purpose. The equation derived by this technique 
produces a line whose position is such that the sum of the squares of the vertical 
distances of each data point to the line is a minimum if the line is to be used to predict 
y from x values, or the sum of the squares of the horizontal distances is a minimum if 
x is to be predicted from y. If y = bx + a represents the equation for a straight line, 
where y is dependent variable and x is independent variable, then slope ‘b’ and 
intercept ‘a’ are derived from the following equations [110, 115-116]. 
Sensitivity 
It is measure of the ability of an instrument or method to discriminate between small 
differences in analyte concentration. There are two factors which limit the sensitivity: 
 the slope of the calibration curve. 
 reproducibility or precision of the measuring device. 
Of two methods that have equal precision, the one that has the steeper calibration 
curve will be the more sensitive. A corollary to this statement is that if two methods 
have calibration curves with equal slopes, the one that exhibits the better precision 
will be the more sensitive. The quantitative definition of sensitivity that is accepted by 
the International Union of Pure and Applied Chemists (IUPAC) is calibration 
sensitivity, which is the slope of the calibration curve at the concentration of interest. 
Most calibration curves that are used in analytical chemistry are linear and may be 
represented by the equation: S = mc + Sbl, where S is the measured signal, c is the 
concentration of the analyte, Sbl is the instrumental signal of the blank, and m is the 
slope of the straight line. The quantity Sbl should be the intercept of the straight line. 
With such curves, the calibration sensitivity is independent of the concentration c and 
( )22 i
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is equal to m. The calibration sensitivity as a figure of merit suffers from its failure to 
take into account the precision of individual measurements.  
To include precision in a meaningful mathematical statement of sensitivity, analytical 
sensitivity is proposed (γ): γ = m/ss; where ss =standard deviation of measurement and 
m is the slope of the calibration curve [117]. 
Detection limits- It is defined as the minimum concentration or mass of analyte that 
can be detected at a known confidence level. This limit depends upon the ratio of the 
magnitude of the analytical signal to the size of the statistical fluctuations in the blank 
signal. The limit of detection (CL) according to the definition of International Union 
of Pure and Applied Chemists can be expressed as [118]: 
CL = x + k.sbl ; where x = mean of blank signal, sbl = standard deviation of the blank 
measures and k = numerical constant. A value of k=3 was strongly recommended by 
IUPAC. The Analytical Methods Committee of the Royal Society of Chemistry 
sought to clarify the IUPAC definition [119].  
The estimation of the detection limit is best understood by considering a calibration 
graph. Using the linear regression method, it is possible to obtain the intercept and 
slope of the best-fit line. The value of the intercept can be used as x; and errors in the 
slope and the intercept of the regression line is acceptable as a measure of s= standard 
deviation of the blank measures and k = numerical constant. A value of k=3 was 
strongly recommended by IUPAC. The Analytical Methods Committee of the Royal 
Society of Chemistry sought to clarify the IUPAC definition [119]. Hence, the 
detection limit (CL) may also be expressed as: CL = 3sbl/b; where b is the slope of the 
calibration line. 
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The present research work done for the fulfillment of the requirement of doctoral 
thesis submission comprises of the preparation of three different types of solid phase 
chelating resins. After preparation, resins were characterized and systematically 
explored to develop a method for the separation, preconcentration and determination 
of metal ions by flame atomic absorption spectrophotometry. The thesis compiles the 
chapters individually taking into account a brief introduction followed by the results 
and discussions, method validation and conclusion for each work. In this chapter all 
the three modes of preparation for each work and instruments used for their 
characterization are detailed. 
 
2.1 Preparation of chelating resins 
2.1.1 Source and pretreatment of solid support and chelating ligands 
Glycidylmethacrylate (GMA), methylmethacrylate (MMA), 
ethyleneglycoldimethacrylate (EGDMA) were purchased from Fluka (Buchs, 
Switzerland). Ethylenediamine (EDA) and diethylenetriamine (DETA) were 
purchased from Merck (Mumbai, India). 2,2-azobisisobutyronitrile (AIBN) and 
polyvinyl alcohol (PVA) were procured from Otto Chemie (Mumbai, Maharashtra, 
India).Non-ionic polystyrene-divinylbenzene co-polymer, Amberlite XAD-16 
(AXAD-16) (particle size 20-60, pore size 100 Å, pore volume 1.82 mL g-1, and 
surface area 900 m2 g-1) was procured from Sigma-Aldrich (Steinem, Germany). The 
AXAD-16 resin was pretreated by using ethanol-hydrochloric acid-water (2:1:1) 
solution for overnight and subsequently washed thoroughly with distilled water until 
pH of the supernatant water became neutral so that it becomes free from any 
impurities. 
 
2.1.2 Synthesis of poly-glycidylmethacrylate-methylmethacrylate-
ethyleneglycoldimethacrylate-terpolymeric resin  
GMA based terpolymeric resin has been synthesized by a free radical polymerization. 
In this reaction GMA, MMA and EGDMA (1:1:1) were mixed with 0.2 g of AIBN 
and stirred for about 1 h. The reaction mixture was then transferred to a beaker 
containing 20 mL of toluene and stirred for another half an hour followed by its 
slowly transfer to a flask containing 5% of PVA under continuous stirring and 
nitrogen purging. The reaction temperature was maintained at 70 °C for 2 h and then 
at 80°C for 1 h so that the system is below the boiling point of components while still 
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enabling decomposition of AIBN at an enough rate. The obtained Poly (GMA-
EGDMA-MMA) beads were filtered and successively washed with distilled water and 
methanol in order to remove unreacted components. The resin beads were than oven 
dried at 50 °C for 24 h. The dried beads were immersed in minimum amount of 
distilled water for an hour to swell completely. The prepared resin was abbreviated as 
PGEM. 
Functionalization of terpolymeric resin with ethylenediamine 
PGEM resin beads were swelled in distilled water before functionalization with EDA 
ligand. PGEM swelled beads were refluxed with EDA (2 ml diluted with 20 ml of 
water) for 10 h with continuous stirring. The obtained EDA functionalized 
Poly(GMA–EGDMA–MMA) resin beads (PGEME) were thoroughly washed with 
excess TDW in order to remove the unreacted ethylenediamine and oven dried at 60 
°C for 24 h. The synthesis scheme of the PGEME terpolymeric resin was shown in 
figure 2.1. 
The characterization of PGEME terpolymeric resin was done by Fourier transform 
infrared (FT-IR) spectral studies, thermogravimetric analysis/differential thermal 
analysis (TGA/DTA), scanning electron microscopy (SEM) and Brunauer-Emmett-
Teller (BET) surface area analysis. The prepared terpolymeric resin was used as solid 
phase extractant for the determination of Cd(II) and Zn(II) in different food samples 
with flame atomic absorption spectroscopy. The application of the prepared resin was 
detailed in Chapter 4. 
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Figure 2.1: Synthesis of poly(GMA-MMA-EGDMA-EDA) terpolymeric resin 
 
2.1.3 Graphene oxide immobilization onto glycidylmethacrylate based chelating 
resin 
Graphene oxide (GO), contains numerous functional group such as epoxy (-COC), 
hydroxyl (-OH), carbonyl (-CO) and carboxyl (-COOH), was synthesized by 
oxidation of graphite [1]. GO is highly hydrophilic in nature due to presence of 
various oxygen rich functional groups responsible for metal ion complexation and can 
44 
 
be used as potential solid phase extraction sorbent for the preconcentration of metal 
ions [2-5].  
 
Synthesis of graphene oxide 
GO was synthesized by hummers method using natural graphite as starting material 
[1]. 200.0 mL of H2SO4 (95%) was added into a flask and cooled in an ice bath. After 
this, 5.0 g of graphite powder and 2.5 g of NaNO3 were added under vigorous stirring 
to avoid agglomeration. After dispersion of graphite powder, 15 g of KMnO4 was 
added slowly over about 2 h under stirring at temperature below 10°C. The ice bath 
was then removed and the mixture was stirred at room temperature (30°C) for 5 days. 
The mixture gradually became thick and the colour turned light brown as the reaction 
progressed. 350.0 mL of water was slowly added to the paste with continuous stirring 
and the temperature was kept below 98°C. The diluted suspension was stirred at 98°C 
for a day and then temperature reduced to 60°C. Excess MnO4−was eliminated by 
addition of 50.0 mL of 30% H2O2. And, in final step resulting mixture was filtered 
and washed with 2M HCl to remove metal ions followed by distilled water washing 
till the neutral pH. The mixture was then dried at 80°C. The obtained graphite oxide 
was exfoliated to GO sheets by bath ultrasonication (500 W, 40 kHz) for 2 h and was 
subjected to centrifugation at 3000 rpm to remove any unexfoliated graphite oxide. 
 
Immobilization of GO onto GMA-DVB resin 
GO was immobilized onto glycidylmethacrylate-divinylbenzene (GMA-DVB) 
copolymer by epoxy ring opening reaction by using different amines spacer arms unit. 
In the first step GMA-DVB copolymer beads were synthesized as reported in one of 
our publication [6]. GMA-DVB resin beads were divided into two portions, each of 5 
g and swelled in distilled water for 2h. After swelling, first 5 g of resin beads were 
mixed with 3 ml of EDA in 20 ml of TDW and the remaining 5 g resin was treated 
with DETA (2 ml in 25 ml TDW). The resultant mixtures individually undergo on 
refluxing for 10 h, after refluxing the products were thoroughly washed with distilled 
water and methanol to remove the unreacted EDA, DETA and then oven dried. The 
resulting products abbreviated as p-EDA, p-DETA, respectively.  
In the second step, GO was immobilized onto the p-EDA resin, taking 3 g of resin 
beads in a 250 ml of round bottom flask containing 25 ml of DMF, 5 ml of GO 
solution (2 mg ml-1) and a coupling agent N, N′-dicyclohexylcarbodiimide (DCC) [7]. 
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The solution mixture refluxed for 12 h with continuous stirring at a temperature of 60 
ºC.  Similarly, 2.5 g of p-DETA resin was refluxed with a mixture of 4 ml of GO 
solution (2 mg ml-1) and DCC in 25 ml DMF at 60 ºC for 12 h. The proposed schemes 
of the resins were shown in figure 2.2 and 2.3 for p-EDAGO and p-DETAGO, 
respectively. 
The prepared resins were characterized by solid state C13 NMR spectroscopy, 
scanning electron microscopy (SEM) along with energy dispersive x-ray spectroscopy 
(EDS), transmission electron microscopy (TEM). Column based preconcentration 
method was developed by using this solid phase extractant and used for the 
determination of Cd and Ni in various environmental and food samples which was 
discussed in detail in Chapter 5. 
 
 
 
Figure 2.2: Synthesis of GO immobilized GMA-DVB-EDA resin 
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Figure 2.3: Synthesis of GO immobilized GMA-DVB-DETA resin 
 
2.1.4 Synthesis of graphene oxide immobilized Amberlite XAD-16 chelating resin 
Amberlite XAD chelating resins are best suitable solid support for the immobilization 
or linkage of different chelating ligands on to it by various methods. The superiority 
of the support is due to its high surface area and its porosity which provides more 
accessibility for incorporation of chelating ligands results high sorption capacity.  
 
Nitration of XAD-16 resin 
For nitration of XAD-16, 5g of resin was taken in a round bottom flask followed by 
the addition of HNO3 and H2SO4 (2:3) under ice cold then temperature increase up to 
70° and maintain for 2 hr, the resulting product was poured into ice water. After 
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cooling resin beads were filtered and washed with distilled water. This product was 
yellow colour resin beads. 
 
Amination of XAD-16 resin 
Nitrated resin was subjected amination by taking resin beads along with hydrochloric 
acid and ethanol and reflux for 12 hr at 90 °C in the presense of tin chloride (SnCl2).  
After completion of the reaction the product washed with a mixture of hydrochloric 
acid and ethanol followed by sodium hydroxide and distilled water, respectively.   
 
Diazotization of XAD-16 resin 
Aminated resin was taken in a beaker including 1M hydrochloric acid and then at 0°C 
2M sodium nitrite (NaNO2) was slowly added dropwise until the iodide paper turns 
violet. The washing of the product was done by 1% cold sodium chloride (NaCl) 
solution. 
 
Immobilization of graphene oxide sheets onto AXAD-16 resin beads  
3ml of GO solution (2 mg ml-1) along with 3g of diazotized resin was added into 
mixture of NaOH and methanol (1:2) and kept at a temperature of 0-2 °C for 48 h 
and, then washed with TDW in order to remove the alkali and oven dried for 24h. The 
prepared resin was abbreviated as XAD-GO. The synthesis scheme was shown in 
figure 2.4. 
The prepared resin was explored for the preconcentration of lead (Pb), cadmium (Cd) 
and Zinc (Zn) in various environmental water samples using column method and 
detailed in Chapter 6. 
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Figure 2.4: Preparation of XAD-GO resin 
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2.2 Characterization of the chelating resins 
2.2.1 Fourier Transform-IR Spectrometer (FTIR) and Far-IR (FIR) 
Spectrometer 
All the infrared (IR) spectra were recorded on Perkin Elmer spectrum two 
spectrometer (Waltham, MA, USA) using KBr disk method in the range between 500 
to 4000 cm−1 with a resolution of 2.0 cm−1 and the interferograms were recorded by 
accumulating 32 scans. Far infrared spectra measurements were obtained by using a 
Perkin Elmer spectrometer in polyethylene pellet under nitrogen atmosphere at room 
temperature (270C) in the range between 50 to 500 cm−1. The IR spectra of the 
prepared and then modified resins (both metal loaded as well as metal free resins) had 
been taken. The IR spectra of each stage of the preparation of chelating sorbents 
exhibited bands that support the preparation and then immobilization of the ligands 
onto the different polymeric support. The IR spectrum of each intermediate favors the 
proposed synthetic route for the chelating resins. 
 
2.2.2 Thermo gravimetric analysis/differential thermal analysis (TGA/DTA) 
simultaneous measuring instrument 
Thermo gravimetric analysis (TGA) and differential thermal analysis (DTA) was done 
on Shimadzu TGA/DTA simultaneous measuring instrument, DTG-60/60H (Kyoto, 
Japan) from the temperature 50 0C to 600 0C at a heating rate of 10 0C/min and under 
an inert atmosphere (N2 flow rate of 50 mL/min). The thermal stability of the 
terpolymeric resin, graphene immobilized glycidylmethacrylate and graphene oxide 
decorated XAD-16 chelating resins were interpreted by different TGA curve which 
gives different behaviour of their matrix composition and incorporated ligand. In the 
TGA curves of all the chelating resin initially weight loss of all the chelating resins 
may attributed due the decomposition weakly sorbed water.  
 
2.2.3 Elemental analysis (CHNSO) 
The elemental composition of the chelating resins was confirmed by the elemental 
analysis (CHNSO) and was done on Flash EA 1112 Organic Elemental Analyzer 
(Thermo Fischer Scientific). The extent of the reaction may be interpreted from the 
composition of the final resin. The total percentage of carbon, nitrogen, hydrogen, 
Sulfur and oxygen contents can give a good approximation of the quantity of reagent 
incorporated. Hence, the resins were subjected to CHNSO analysis. CHNSO analysis 
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was also carried out for the different intermediate products obtained during the 
synthesis and the results were compared with the theoretical values to get a better 
interpretation of the composition of the products. 
 
2.2.4 Scanning electron microscopy (SEM) with Energy dispersive X-ray analysis 
(EDS) 
The structural morphologies and micro composition of the resins were checked out by 
scanning electron microscopy (SEM) images and energy dispersive X-ray analysis 
(EDS), was performed on Jeol JSM-6510LV (Tokyo, Japan). The presense of donar 
atoms on the pendant group of the reagent on to the matrix of the resin along with the 
metal ion complexation was confirmed by EDS analysis.  
 
2.2.5 Transmission electron microscope (TEM) 
The structural morphology of the modified chelating resins was confirmed by the 
Transmission electron microscope (TEM). TEM images were recorded on Jeol JEM-
2100 microscope (Peabody, MA) operating at a maximum accelerating voltage of 200 
KV.  
 
2.2.6 13C-NMR spectroscopy 
13C NMR was recorded on Bruker Avance III HD (Germany). The characterization of 
new specific carbon was done by interpreting the 13C NMR spectra wherever it 
required. 
 
2.2.7 Surface Area Analysis 
Surface area analysis measurements were done on an Autosorb-iQ one-station gas 
sorption analyzer (Quantachrome Instruments, Boynton Beach, FL). For higher 
sorption of metal ion by the sorbent a good surface area of the solid phase metal ion 
extractor is an essential requisite. This surface area estimation of the synthesized 
resins was done by BET analysis. 
 
 
 
 
 
51 
 
2.2.8 Powder X-ray diffraction (PXRD) analysis 
For the phase identification of graphite and graphene oxide (Chapter 6), powder X-ray 
diffraction study was carried out. And it was done on a Bruker D8 Advance 
diffractometer with Ni-filtered Cu-Kα radiation.  
 
2.2.9 Raman spectroscopy 
The carbon skeleton of the synthesized graphene oxide (Chapter 6) has been 
characterized by Raman spectroscopic analysis and it was recorded on Raman 
spectrum on LabRAM HR Evolution microscope Raman system (Horiba Jobin Yvon) 
equipped with air-cooled diode laser. 
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3.1 Reagents and solutions 
3.1.1 Standard solutions of metal ions 
All chemicals used were of analytical reagent grade. Stock solutions (1000 mg L−1 in 
1% HNO3/HCl) of nitrate salts of Cr(III), Co(II), Ni(II), Cu(II), Fe(III), Pb(II) and  
chloride salt of Zn(II) and Cd(II), were procured from Merck (Darmstadt, Germany). 
All the working solutions of the metal ions were prepared on a daily basis at a desired 
concentration range by dilutions of the stock solutions with triply distilled water 
(TDW). The metal solutions were standardized by complexometric titration before 
performing experiment [1-2]. 
 
3.1.2 Dilution of nitric acid, hydrochloric acid and sodium hydroxide solution 
Nitric acid (15.4 mol L-1) and hydrochloric acid (11.6 mol L-1) of analytical reagent 
grade were diluted to the required lower concentrations with triple distilled water. The 
solution of sodium hydroxide was prepared by dissolving an appropriate amount in 
1000 mL. It was standardized titrimetrically before use. 
 
3.1.3 Buffer solutions 
Buffers covering the pH range 1.2-3.6 were prepared by mixing appropriate amount 
of glycine (0.1 mol L-1) with hydrochloric acid (0.1 mol L−1) [3]. Buffers for pH 4.0-
6.0 were prepared by mixing acetic acid (0.2 mol L−1) and sodium acetate (0.2 mol L-
1) solutions in the appropriate ratio [4]. The reported mixing ratio of citric acid 
solution (0.1 mol L-1) and disodium mono-phosphate solution (0.2 mol L-1) were used 
to prepare buffer for pH 7.0-7.8. For buffer of pH 8.0-10.0, (0.2 mol L-1) ammonium 
chloride solution was mixed with (0.2 mol L-1) ammonia solution [5]. 
 
3.2 Standard reference materials 
Standard reference materials (SRMs) such as NIES, JSS and NBS were received from 
the National Institute of Environmental Studies (Ibaraki, Japan), the Iron and Steel 
Institute of Japan (Tokyo, Japan) and National bureau of Standards, U.S. Department 
of Commerce, (Washington DC, USA), respectively. All the SRMs used throughout 
the work are enlisted in Table 3.1 along with their compositions. 
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3.3 Pretreatment of samples 
3.3.1 Collection and pretreatment of water samples 
For the preconcentration and determination of metal ions different real water samples 
were analyzed. The water samples along with the collection steps have been included 
in table 3.2.All the water samples after collection were immediately filtered through 
Millipore cellulose membrane filter (0.45 μm pore size), acidified to pH 2 with 0.2 M 
HNO3 and stored in pre-cleaned polyethylene bottles. The bottles were cleaned by 
soaking in an alkaline detergent, 4 mol L–1 HCl and finally treated with 2 mol L–1 HF 
and 0.5 mol L–1 HNO3, and rinsed with triply distilled water between each step. 
 
Table 3.1 Composition of standard reference materials. 
SRM Certified value (µg g−1) 
Rice flour 
unpolished NIES 
 
Al:1.5, Cr:0.08, Co:0.007, Se:0.07, Cl:230, Br:0.5, Sr:0.2, 
As:0.15, Hg:0.005, Sr:0.2, Mn:40.1±2.0, Zn:23.1±0.8, 
      
Chromium Steel 
SCr21 JSS 513-4b 
C:1600, Si:2500, Mn:7900, P:120, S:100, Ni:1300, 
Cr:11500, Mo:100, Cu:740, V:50, Al:250, N:1210 
Vehicle exhaust 
particulates NIES8a 
Al:3300, Sb:6.0, As:2.6, Br:56, Cd:1.1, Ca: 5300, Ce:3.1, 
Cs:0.24, Cr:25.5, Co: 3.3, Cu: 67, Eu:0.05, La:1.2, Pb: 
219.0, Lu:0.02, Mg:1010, Mo: 6.4, Ni:18.5, , Zn: 1040, K: 
1150, Na:1920, P:510, Rb:4.6, Sm:0.20, Sc:0.55, Se:1.3, 
A 0 20  S 89  h 0 3  1    aNational Institute of Environmental studies (NIES); bIron and Steel Institute of 
Japan  (JSS); cNational bureau of Standards (NBS). 
Table 3.2 Water samples and their collection spots. 
Water sample Collection spot 
Tap water 1 From Aligarh Muslim University 
campus,  Aligarh, UP, India 
Tap water 2 From the local city Aligarh, UP, India 
River water (Ganga river) From two different cities namely Narora 
and Kanpur in UP, India 
Sewage water (Electroplating industries 
wastewater) 
From an area in the vicinity of local 
nickel electroplating industry, Aligarh, 
India 
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3.3.2 Digestion of food samples  
Food samples (rice, fruit juice and bread) were purchased from a local market 
(Aligarh, India) and digested (rice (1 g) and bread (5 g)) by wet oxidation with 
concentrated nitric acid, perchloric acid, and 30% H2O2 [6]. The fruit juice (200 ml) 
sample was evaporated to about 5 mL on hot plate and digested by wet oxidation with 
10-20 mL each of conc. HNO3 and HClO4 and 2 mL of 30% H2O2. The residue 
obtained after digesting fruit juice sample was dissolved in 5 mL of 0.5 M HNO3 and 
finally made up to 50 mL with triply distilled water. Similarly the digested residue of 
1g of rice and 5g of bread was dissolved in 2 mL of 0.5 M HNO3 and finally made up 
to 50 mL with triply distilled water. 
 
3.3.3 Digestion of multivitamin capsules 
Multivitamin capsules (Maxirich) purchased from local drug shop was digested by 
taking 25 ml of concentrated nitric acid (5 mol L-1) into a beaker containing one 
capsule and temperature of the mixture was then grown slowly up to 120°C, the 
resulted residue was then cooled and further dissolve by another 20 ml of nitric acid 
and dry out on a steam bath until obtained a solid residue, again it was mixed with 10 
mL TDW and concentrated nitric acid added drop wise in order to obtained clear 
solution followed by gentle heating and finally it was make up to 50 mL with TDW 
[6]. 
 
3.3.4 Digestion of standard reference materials (SRMs) 
The SRM rice flour NIES10c was digested (4.396 g) as proposed by the international 
atomic energy agency [6]. The exactly weighed amount of the SRM was agitated with 
25 mL of acetone, and then washed three times with distilled water and with 25 mL of 
acetone. The contact time of the cleaning medium with the sample was 10 minutes. 
The sample was finally dried for 16 h at 100 °C. Then sample was dissolved in 10-20 
mL of concentrated nitric acid. After adding 0.5 mL of 30% H2O2, the solution was 
boiled to dryness. The residue obtained was dissolved in minimum amount of 2% HCl 
and made up to a 50/100 mL volume in a calibrated flask. 
The solution of standard alloy (Chromium steel JSS 513-4) prepared by taking an 
exactly weighed amount of the SRM (25 mg of JSS 513-4) into a beaker and 
dissolved in 10-50 mL of aqua-regia. The solution was boiled to near dryness. Finally 
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the residue was dissolved in minimum volume of 2% HCl and filtered through a 
Whatman filter paper No.1. The residue was washed with two 5 mL portions of hot 
2% HCl. The aqueous layer was evaporated to dryness. The residue was redissolved 
in 5 mL of 2% HCl and made up to 50 mL with triply distilled water.  
Environmental SRM (vehicle exhaust particulates-NIES 8) was digested by dissolving 
0.5 g of the sample along with addition of 10 mL of concentrated nitric acid (15.5 mol 
L-1), 10 mL of concentrated perchloric acid (12.2 mol L-1), and 2 mL of concentrated 
hydrofluoric acid (22.4 mol L-1) in a 100 mL teflon beaker and evaporated (water 
bath) to near dryness, redissolved in minimum volume of 2% HCl, filtered and made 
up to 50 mL volume in a calibrated flask. 
 
3.4 pH meter 
Thermo Scientific (Waltham, MA, USA) Orion 2 star model was used for the pH 
measurement. The pH value displayed corresponds to an error of ± 0.01. 
 
3.5 Mechanical shaker 
A thermostated mechanical shaker NSW-133 (Narang Scientific works, New Delhi, 
India), equipped with digital display (±0.2°C), with shaking speed variable from 10 to 
200 strokes per minute and supplied with gabled cover and lotus clamps for conical 
flask (9 nos. for 100 mL and 5 nos. for 250 mL), was used for carrying out 
equilibrium batch studies. 
 
3.6 Flame atomic absorption spectrophotometer (FAAS) 
Concentration of various metal ions was determined using a GBC 932+ flame atomic 
absorption spectrometer (FAAS, Dandenong, Australia) with hollow cathode lamp 
along deuterium background on an air-acetylene flame. Some metal ions listed in 
Table 3.3 along with their operating parameters in FAAS. 
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Table 3.3 FAAS operating parameters set for the determination of elements. 
Metal Wavelength (nm) 
Slit 
width 
(nm) 
Lamp 
Current 
(mA) 
Flame composition (L min−1) 
Air          Acetylene 
Co 240.7 0.2 30 9.5           2.3 
Ni 232.0 0.2 15 9.5           2.3 
Cu 324.8 0.7 25 9.5          2.3 
Zn 213.9 0.7 15 9.5           2.3 
Cd 228.8 0.5 10 9.5          2.3 
Pb 217.0 0.5 8 9.5          2.3 
 
3.7 Column for Dynamic Studies 
Dynamic studies were carried out using a short glass column with an inner diameter 
of 10 mm and a length of 100 mm, provided with sintered porous frits, purchased 
from J-SIL Scientific industries, Agra, India. 
 
3.8 Recommended procedures for preconcentration and determination of metal 
ions 
3.8.1 Batch ‘static’ method  
A fixed amount of the prepared/modified resin was equilibrated with suitable volume 
of metal solution of appropriate concentration maintained at constant pH for 
optimized shaking time. The sorbent was filtered and then uptaken metal ions were 
desorbed by shaking with the appropriate eluent and subsequently analyzed by FAAS. 
For optimizing the static parameters the batch experiments were done following the 
univariate approach. 
 
3.8.2 Column ‘dynamic’ method  
A known amount of prepared resin beads were swelled in distilled water for 24 h and 
then transferred into a glass column. Resin bed in the column was further buffered 
with 5 mL of suitable buffer solution. A solution of metal ions of optimum 
concentration after adjusting the pH with appropriate buffers was passed through the 
column at an optimum flow rates. After the sorption operation, recovery experiments 
were performed; for this purpose the column was washed with distilled water and then 
appropriate volume of the proper eluent was made to percolate through the bed of 
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loaded resin whereby the retained metal ions get eluted. The eluent was collected in 5 
mL of volume for the subsequent determination by FAAS. For the optimization of 
various effective parameters the univariate approach was adopted throughout the 
experiments. 
 
Effect of pH 
For optimization of sample pH, excess of metal ion in 50 mL of solution was shaken 
with suitable amount of resin over a range of pH 1.2-10 for 180 minutes. The pH of 
metal ion solution was adjusted prior to equilibration with the corresponding buffer 
system. pH >10 was not studied to avoid metal hydroxide precipitation. 
 
Effect of contact time 
To investigate the effect of shaking time on the sorption capacity, a suitable amount 
of sorbent was stirred with 50 mL of solution containing one of the metal ions for 10, 
20, 30 ,40, 60, 80, 100, 120 and 180 min (under the optimum conditions). 
 
Kinetics of sorption 
The dynamics of the adsorption process in terms of the order and the rate constant can 
be evaluated using the kinetic sorption data. The kinetic parameters can also be used 
in the modelling of the sorption operation as explicitly explained by Lagergren 
pseudo-first-order [7] and pseudo-second-order kinetic models given by Ho and 
McKay [8]. 
Pseudo-first-order kinetic model can be explained as:  log(qe − qt) = logqe − k1t/2.303                                                                      (1) 
the value of qe (equilibrium adsorption capacity (mg g -1)) and rate constant, k were 
calculated from the slope and intercepts by plotting log(qe-qt) against time (t). 
Pseudo second-order kinetic is represented as: t/qt = 1/k2 q2 + t/qe                                                                                          (2) 
where qt is adsorption capacity at time t and the values of k and qt were obtained after 
drawing t/qt versus time plot. 
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Sorption Isotherms  
The sorption behavior of the resin (Chapter 4) for metal ions was evaluated by 
analyzing Langmuir, Freundlich, Temkin, Dubinin-Radushkevich (D-R) and 
Scatchard isotherm. Monolayer sorption behaviour is explained by using Langmuir 
isotherm model. The linearized form of the model represented by the equation: Ce/Qe = 1/(QmKb) + Ce/Qm                                                                       (3) 
where Ce, Qe are the equilibrium concentration of the metal ions (mg L-1) in the 
solution and corresponding uptake in the resin phase (mg g-1), respectively. Qm, the 
equilibrium sorption capacity (mg g-1) and Kb, the sorption equilibrium constant, were 
calculated from the slope and intercepts of Ce/Qe versus Ce plot). Separation factor 
(RL) is very important parameter in Langmuir isotherm and represented as:       RL = 1/(1 + KLC0)                                                                                          (4) 
C0 and KL are initial concentration of metal ions (mg L-1) and Langmuir constant, 
respectively. Nature of the isotherm model explained on the basis of RL values e.g. 
unfavorable (RL> 1), linear (RL = 1), favorable (0 < RL< 1) or irreversible (RL = 0) 
[9]. 
Freundlich model equation:    lnQe = lnKF + 1/n lnCe                                                                                  (5)     
where KF and 1/n are Freundlich constants related to the capacity of the resin and 
heterogeneity of the system, respectively.  
Dubinin-Radushkevich (D-R) isotherm was studied to interpret the sorption on a 
single type of uniform pores. Its linear expression is:  lnQe = lnQm − KƐ2           (6) 
ε is the Polanyi potential calculated using equation; ε = RT ln (1 + 1
Ce
)where R is the 
universal gas constant (kJ/(mol K)), T is the temperature (K). The mean free energy 
(E) used to estimate the sorption type can be calculated from constant K (obtained 
from slope and intercepts of the lnQe versus ε2): 
E = (-2K) -0.5           (7) 
The nature of binding sites and sorption process was investigated by Scatchard 
isotherm model, which is represented as    Qe/Ce = QmKb − QeKb          (8)     
where Kb is the Scatchard isotherm constant. The shape of the Scatchard plot 
describes the type of interactions of metal ions with chelating resin. The presence of a 
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deviation from linearity on a plot based on Scatchard analysis usually points out the 
presence of more than one type of binding site, while the linearity of the Scatchard 
plot indicates that the binding sites are identical and independent.  
The adsorbent-adsorbate interaction was related to heat of adsorption of metal ions 
described by Temkin isotherm model:  Qe = A lnKT + A lnCe                                                                                           (9)    A = RT/b                                                                                                               (10) 
where constant b (kJ/mol) is the variation of adsorption energy and KT is the 
equilibrium binding constant (L/mg) corresponding to the maximum binding energy. 
Temkin isotherm constants calculated from slope and intercepts of the plot Qe versus 
lnCe. 
 
Type and volume of eluting agents  
For the recovery of metal ions various mineral acids were analyzed. The efficiency of 
stripping was checked by using different volumes (1-10 mL) and concentrations (0.1-
5.0 mol L−1) of the studied mineral acid. The eluent optimized throughout the study 
was the one which resulted in the maximum percent recovery of the sorbed analyte in 
minimum eluent volume.  
 
Effect of flow rate for sorption and desorption 
The effect of flow rate on the metal ion sorption was studied by varying the sample 
flow rate 2-10 mL min−1 at selected pH for maximum sorption, and subsequently 
determined the amount recovered. The eluent flow rate was also optimized by varying 
it for the chosen eluent and then subsequently determined the analyte recovered. 
 
Resin reusability test 
Resin reusability experiment was performed by equilibrating the metal ions several 
times on a sorbent from a solution having a different concentration and eluting the 
same by using appropriate eluting agent. The maximum number of loading/elution 
cycles was set as the reusability after which the sorption capacity tends to decrease. 
 
Effect of matrix components 
In real samples cations and anions are inevitably associated with heavy metals, may 
interfere in the latter’s determination through precipitate formation, redox reactions, 
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or competing complexation reactions. To see the effect of these interfering ions on the 
determination of analyte ions, various interfering electrolytes and metal ion species at 
higher concentration along with the target analyte ion (low concentration) were 
allowed to percolate individually through a column packed with the chelating resin. 
At the optimized conditions, amount of analyte and interfering ions were changed 
accordingly up to certain degree of interference. 
 
3.9 Analytical method validation 
Calibration 
The standard solutions for calibration, were prepared in 50 mL by taking suitable 
aliquot of metal ions and buffer solutions, and then subjected to the recommended 
optimized column procedure (for terpolymer: following batch procedure). The aliquot 
of sample solutions for the calibration run was taken in a manner such that after solid 
phase extraction the final concentration of the analyte metal ion was much above the 
corresponding preconcentration limit for the analyte. The calibration curve with the 
regression equation and correlation coefficient (R2) was obtained by the method of 
least-squares. The linearity of the calibration curve was estimated from the R2 value. 
 
Limit of detection and limit of quantification 
Limit of detection (LOD) and limit of quantification (LOQ) of the developed method 
was obtained by performing blank run following the recommended column procedure 
with the same volume of aqueous solution prepared by adding a suitable buffer 
(excluding metal ions) and finally eluting the same in 5 mL before subjected to FAAS 
determination. 
The LOD and LOQ values were calculated as 3s/m and 10s/m of the standard 
deviation (s) of the blank signal for replicate measurements (n>10), respectively, and 
m is the slope of calibration curve. 
 
Accuracy 
The accuracy of the developed method was tested by the analysis of SRMs and 
performing recovery experiments. The weighed amount of SRMs were digested and 
then run through the column/batch at the optimized conditions. For the comparison of 
the observed mean concentration of metal ions with the certified mean values 
Student’s t-test was performed. The recovery experiments were done for the spiked 
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amount of analyte ions in the real environmental water and food samples using the 
developed SPE method. 
 
Precision 
Using optimum conditions, the precision of the method was evaluated by carrying out 
five successive sorption and elution cycles of 5 µg of the analyte metal ion studied 
taken in 100/50 mL following the recommended procedure. The relative standard 
deviations (RSD) for the observed values were then evaluated. 
 
Preconcentration limit and factor 
The lower limit of quantitative preconcentration below which recovery becomes non-
quantitative (preconcentration limit) was determined by increasing the volume of 
metal ion solution and keeping the total amount of loaded metal ion constant at the 
optimized conditions. The preconcentration factor was calculated as the ratio of the 
total volume beyond which quantitative recovery fails to that of the volume of eluent. 
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4.1 Introduction 
As the global population rises and economies in many regions grow remarkably, 
industrial production is also predicted to increase. Hence, the level of environmental 
pollution especially water pollution is increasing considerably. The sources of water 
pollution are mainly metal extraction, smelting, electroplating, tannery, galvanizing, 
paper and paint industry [1]. The discharge of toxic waste material into the water bodies 
results serious effect on human health and environmental ecosystem via their entry in 
food chain. The primary source of cadmium exposure in non-smokers adults and children 
is food. In soils and water bodies cadmium is accumulated under certain environmental 
conditions which results increased risk of future exposure through food [2]. In the priority 
list of Agency for Toxic Substances and Disease Registry (ATSDR), Cd is at rank 7 and 
Zn at 75 [3]. Cadmium even at low concentration limit cause harmful effect like kidney 
damage, renal disorder, high blood pressure, bone fracture, and destruction of red blood 
cells [4]. Although, Zn comes into the category of essential trace element, at higher 
concentration it causes nausea vomiting and hematemesis [5]. Thus, removals of heavy 
metal ions before its discharge into the environment and monitoring of these toxic metals 
in industrial effluent, biological samples and food stuff are of prime concern. Techniques 
such as ion exchange [6,7], cloud point extraction (CPE) [8], solvent extraction [9], 
coprecipitation [10], extraction involving deep eutectic solvent (DES) [11-13], ionic 
liquids (ILs) [14] and solid phase extraction (SPE) [15-17] were proved to be efficient for 
the removal, separation and preconcentration prior to determination of toxic metal ions. 
However, ion exchange lacks selectivity since metal ion uptake involves only ion 
exchange mechanism and ion exchanger offers less versatility to chemical modification. 
The limitation of CPE is relatively low partition coefficients of metals. Solvent extraction 
suffers from the use of large volumes of carcinogenic organic solvent, emulsion 
formation by the mutual solubility of aqueous and organic phases and analyte loss during 
multi-step extraction. The low cost and biodegradable DES, allow selective extraction of 
mainly biological macromolecules. However, the high viscosity and solid state at room 
temperature restrict their application as extraction solvents. The disadvantages with ILs 
are due to the high toxicity and high cost of the synthesis of some of their ingredients 
[11]. SPE has been turned out to be an economical and eco-friendly approach because of 
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its advantages like ease of separation, regeneration, reproducible quantitative sorption 
and elution, low consumption of non toxic solvents, high selectivity resulting in efficient 
removal of interfering constituents thereby, improving the detection limit, precision and 
accuracy of the analytical method. The effectiveness of the SPE depends on the nature of 
the sorbent. Previously various solid phase extractants like silica [18-19], chelating resin 
based on polystyrene [20-22], ion imprinted polymer [23,24] and activated carbon [25] 
were used. Although the ion imprinting polymers involve high selectivity it has certain 
limitations such as number of steps, thereby, introducing certain complications, long time 
requirement, low binding capacity and less site accessibility. The determination of heavy 
metals in various water samples using sophisticated analytical techniques like ICP-MS, 
ICP-AES, ETAAS and FAAS suffers from spectral, background and chemical 
interferences. Among them, FAAS is one of the cheapest and most widely used technique 
for heavy metal ion determination because of its simplicity, easy handling and less 
spectral interferences [26]. 
GMA based copolymeric/terpolymeric chelating resins were of great interest because of 
its hydrophilic nature that enhances the surface contact with aqueous phase metal ions 
resulting in better kinetics. The presence of abundant epoxy groups allows the 
modification with different chelating ligands having donor atoms like N, O, S and P in 
order to improve complexing behaviour towards metal ions, thereby, increasing the 
possibility of high sorption capacity and selectivity.  
In this chapter, a ethylenediamine (EDA) functionalized terpolymeric resin (PGEME) 
(Synthesis scheme detailed in Chapter 2, Section 2.1.1) has been used as solid phase 
extractant for the determination of Cd(II) and Zn(II) in rice, bread and fruit juice samples 
by flame atomic absorption spectrometry (FAAS). In addition, sorption behaviour of the 
resin with metal ions was also tested by using different sorption isotherm models. 
Although, the presented route of synthesis was tried by few authors earlier [27-30] the 
work on metal ions determination were limited [29] in which the removal of only Hg(II) 
was done without any analytical figures of merits and interference studies. Moreover, no 
spacer arm or ligand was immobilized onto it. Hence, it is interesting to put forward the 
further modification of terpolymeric resin for its utilization as solid phase extractant and 
FAAS determination after developing and validating analytical method in a systematic 
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way. After optimizing the experimental parameters of SPE, the resin was applied for the 
separation, determination and removal of Cd(II) and Zn(II) in food samples. 
 
4.2 Experimental 
For the development of an analytical method for the determination of Cd(II) and Zn from 
food samples using PGEME resin several parameters need to optimize and done by 
various experimental studies. A recommended batch static method was used throughout 
the experiment for the sorption/ desorption, sorption kinetics, isotherm studies, 
interference studies, SRMs and recovery experiments of Cd and Zn as described in 
Chapter 3 (Section 3.8).  
For batch experiments 50.0 mL of metal ion solution in the concentration range of 5.1-
1800 and 4.1-1500 µg L-1 for Cd and Zn buffered at optimized pH and equilibrated for 
certain time interval. PGEME resin was characterized by various instruments and 
techniques with the corresponding recommended procedures stated in Chapter 2 
(Section 2.2).  
 
4.3 RESULTS AND DISCUSSION 
4.3.1 Characterization of PGEME resin 
In the FT-IR spectra of PGEME resin (Figure. 4.1) the disappearance of peak at 908 and 
848 cm-1 [31] shows the complete conversion of epoxy groups. Characteristic peaks 
appeared at 3447 cm-1 corresponds to structural OH and NH2 stretching vibrations [31]. 
The peak at 2997 and 2954 cm-1 are associated with methylene vibrations and 1731 cm-1 
is due to the carbonyl group of both GMA and MMA [29,32]. The stretching band at 
1390 cm-1 is assigned for NH stretching vibrations [31]. The appearance of medium 
intensity peak at 1456 cm-1 and 1265 cm-1 are corresponds to CN stretching vibrations 
indicating the presence of NH and NH2 [31].   
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Figure 4.1: FT-IR spectrum of terpolymeric resin 
To estimate the amine content 1 g of resin was contacted with 25 mL of 2 M HCl for 24 
h. The residual HCl was measured titrimetrically against 0.05M NaOH. The calculated 
amine content of 1.0 mM g-1 resin account for the immobilization of 0.5 mM of EDA (as 
indicated in the synthesis scheme that one EDA a unit linked with one epoxy group of 
GMA) which corresponds to equivalent sorption capacity of 0.48 mM g-1 (Cd(II)) and 
0.37 mM g-1 (Zn(II)) of the resin. Elemental analysis of PGEME resulted in C, H and N 
as 56.5, 7.5 and 1.7%, respectively. This %N data was also used to verify the amount of 
amine groups immobilized (L0; mM g-1) onto the resin using the following equation [33]: 
L0 = (%N/ Nitrogen atomic weight) × 10 and was found to be 1.2. The multipoint BET 
analysis resulting in a surface area of 70.65 m2 g-1 which is better than previously 
reported terpolymer 21.6 m2 g-1 [29] 16.2 m2 g-1 [27]. The mesoporous nature of the resin 
is evident from its pore diameter of 1.4 nm, calculated using the BJH (Barrett-Joyner-
Halenda) desorption method. EDS spectra along with their corresponding elemental 
weight% obtained from the SEM (Figure. 4.2) confirms the immobilization of ligand onto 
the resin matrix as well as its complexation with metal ions. TGA curve (Figure. 4.3) of 
PGEME resin shows thermal stability up to 250 °C. 
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Figure 4.2: SEM analysis along with EDS spectra 
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Figure: 4.3 TGA of terpolymeric resin 
 
4.3.2. Optimization of experimental variables  
In order to understand the effect of solution pH on the sorption/removal of Zn(II) and 
Cd(II), PGEME resin was equilibrated for 180 min over the pH range of 4-8. The 
sorption at higher pH values were not studied due to the probable hydroxide formation. It 
was observed that the maximum sorption for Cd(II) (53.96 mg g-1) and Zn(II) (24.19 mg 
g-1) were found at pH 8.0 (Figure. 4.4) which may be ascribed to the increased basicity of 
amine groups of the ligand at pH >7 resulting in high affinity for metal chelation. On the 
contrary, the non functionalized PGEME resin did not sorb any analyte in the studied pH 
range. Hence, pH 8.0 was considered as the optimum pH for rest of the experiments. 
Similarly, the effect of sorption time was studied equilibrating for the time interval of 10, 
20, 30, 45, 60, 90, 120, and 150 minutes. It was observed that for both the analyte ions, 
90 minutes were required to reach the equilibrium (Figure. 4.5) and hence, optimized for 
further studies. The HCl and HNO3 have been tested as eluting agents for the recovery of 
the sorbed analytes varying their volume and concentration. The 5 mL of 2 M HNO3 was 
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observed to recover a maximum of 86% of Zn(II) and 100% of Cd(II) while using 5 mL 
of 2.5 M HCl gave complete desorption (100% recovery) of both the analyte ions. Since 
elution does not involve the use of any carcinogenic organic solvent, proposed method 
could be considered as environmentally safe.  
 
Figure 4.4: Effect of pH on metal ion sorption 
 
 
Figure 4.5: Effect of time on % sorption for Cd(II) and Zn(II) 
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4.4. Kinetic of Sorption 
Lagergren pseudo-first-order [34] and pseudo-second-order kinetic models were used for 
the evaluation of rate constant and order of the sorption reaction (Equation 1 and 2, 
chapter 2) as shown in figure 4.6 and 4.7, respectively. 
 
 
Figure 4.6: Pseudo first order kinetic model for Cd(II) and Zn(II). 
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                  Figure 4.7: Pseudo second order kinetic model for Cd(II) and Zn(II) 
 
From the obtained R2 values of 0.997 for Cd(II) and 0.971 for Zn (II), it was observed 
that the pseudo first order kinetic model provided good correlations for the kinetic data of 
both metal ions rather than pseudo second order kinetics. 
 
4.5 Sorption Isotherms  
The sorption behavior of the resin for Cd(II) and Zn(II) were evaluated by analyzing 
Langmuir, Freundlich, Temkin, Dubinin-Radushkevich (D-R) and Scatchard isotherm as 
shown in figure (4.8- 4.12) (detailed in chapter 3, Equation 3 to 10) . The concentration 
for these studies was increased in the range of 45-674 mg L-1 for Cd(II) and 65-392 mg L-
1 for Zn(II). Summary of the results was shown in table 4.1. 
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Figure 4.8:  Langmuir isotherm model 
 
 
 
 
Figure 4.9: Freundlich isotherm model 
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    Figure 4.10: Dubinin–Radushkevich (D-R) isotherm model 
 
 
 
Figure 4.11: Scatchard isotherm model 
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Figure 4.12: Temkin isotherm model 
 
It was observed from results (Table 4.1) that, Langmuir sorption capacity found to be 
closer to the experimental batch capacity. Hence, Langmuir model considered to be best 
fit rather than Freundlich model. Moreover, in Langmuir model the nature of the isotherm 
is also explained by separation factor (RL). The fact that for all the initial concentration 
values 0 < RL> 1 (Table 4.2), indicates the favorable sorption of Cd(II) and Zn(II). The 
value of mean free energy (E) in D-R isotherm was found to be in the range of 8-16 kJ 
mol-1 which gives the idea that chemisorption of Cd(II) and Zn(II) by PGEME resin. 
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Table 4. 1. 
Parameters driven from different isotherm models for Cd(II) and 
Zn(II) sorption by PGEME resin. 
Isotherm models Parameters Cd(II) Zn(II) 
 Sorption capacity (mg g-1) 53.95 24.19 
 Qm(mg g-1) 62.5 31.25 
Langmuir isotherm kb(mL mg) 0.015 0.014 
 R2 0.988 0.987 
 Q(mg g-1) 6.27 3.02 
Freundlich 
isotherm n 
2.75 2.67 
 R2 0.981 0.983 
 Q(mg g-1) 49.69 26.18 
Dubinin-
Radushkevich K(mol
2 kJ2) 0.007 0.012 
 E(kJ mol) 8.45 6.45 
 R2 0.949 0.957 
 Q(mg g-1) 57.33 29.81 
Scatchard isotherm kb 0.024 0.016 
 R2 0.945 0.948 
 A 11.33 6.538 
Temkin            KT(L mg-1) 3.81 1.88 
 R2 0.994 0.984 
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4.6 Interference studies in the SPE coupled FAAS procedure 
To investigate the effect of such coexisting ions, a synthetic solution of Cd(II) and Zn(II) 
(200 µg L-1 each) were prepared along with the interferents and the recovery of analyte 
ions were checked following recommended batch procedure. The results are shown in 
(Table 4.3). The tolerance level for interfering ions were set as the maximum 
concentration that caused a variation in the absorbance of eluent concentration more than 
±5%, than the absorbance of eluent for 200.0 µg L−1 of Cd(II) and Zn(II) alone after SPE. 
The result shows that the tolerance of 3 to 5 times the amount of transition metals, 103 to 
104 times the amount of the alkali, alkaline earth metals and anions which is at par with 
the other SPE coupled FAAS determination methods for Cd and Zn [35,36] and 
therefore, indicating fair selectivity for the PGEME resin.  
 
 
 
 
 
Table 4. 2. 
RL values for Cd(II) and Zn (II) sorption obtained from 
Langmuir equation. 
Cd(II) Zn(II) 
Co (mg L-1) RL Co(mg L-1) RL 
45 0.308 65 0.234 
56 0.263 131 0.133 
112 0.152 196 0.093 
224 0.082 261 0.071 
337 0.056 326 0.058 
450 0.043 392 0.049 
674 0.029   
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Table 4.3. Effect of interfering ions on the recovery of Cd(II) and Zn(II) 
(experimental condition pH 8.0, eluent 5mL of 2.5M HCl, 50 mL of sample 
containing 10µg each of Cd and Zn).  
 
Interfering 
ions 
Added as 
 
Amount 
added 
(µg) 
Zn 
% Recovery 
(RSD) a 
Cd 
% Recovery 
(RSD)a 
Cu Cu(NO3)2 30 98 (1.63) 100 (0.35) 
  50 88.9 (2.36) 49.8 (2.83) 
Co Co(NO3)2 30 100 (3.32) 100 (3.55) 
  50 100 (2.18) 47.8 (4.58) 
Ni NiNO3 30 99 (2.73) 102 (4.59) 
Fe Fe(NO3)3 30 100 (3.58) 98 (1.74) 
Cr CrCl3 30 101 (1.05) 99 (2.95) 
Pb Pb(NO3)2 30 97 (1.87) 100 (3.75) 
Ca2+ CaCl2 20×104 96 (1.82) 99 (2.31) 
Na+ NaCl 14×104 98 (4.15) 99 (0.68) 
Mg2+ MgCl2 24×103 97 (1.26) 98 (1.09) 
NO33- NaNO3 15×103 96.8 (1.33) 102.3 (2.15) 
Cl- NaCl 23×104 98 (4.15) 99 (1.96) 
PO43- Na2HPO4 56×102 100 (2.41) 101 (3.76) 
a; N=3 
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4.7 Analytical Figures of Merits 
The mean concentration values for Cd(II) and Zn(II) obtained in SRM, (NIES 10c; Rice 
flour) by the proposed method were statistically insignificant from the certified values 
(Table 4.4) since the Student’s t-test values for mean concentration of Zn(II) was less 
than the critical Student’s t-value of 4.303 at 95% confidence level for N = 3, hence, 
indicating the absence of systematic method errors. Recovery experiments were carried 
out after spiking with a known amount (two levels) of Cd(II) and Zn(II) in rice, bread and 
fruit juice. The mean percentage recoveries were found to be 96-105% with relative 
standard deviation (RSD) <5% (Table 4.4), indicating the reliability of the present 
method for the determination of Cd(II) and Zn(II) in food samples of various matrices 
without significant interference. The calibration curve with the regression equation, 
correlation coefficient (R2) and concentration range (µg L-1) for Cd(II) and Zn(II) 
determination were A=0.196XCd+0.151; R2=0.999; 5.1-1800 and A=0.213XZn+0.029; 
R2=0.998; 4.1-1500, respectively. The standard deviation of slope and intercept for Cd(II) 
and Zn(II) were observed to be 0.2758 ,1.62 and 0.071, 1.01, respectively. A procedural 
blank run was performed applying recommended SPE method with 50 mL of aqueous 
solution prepared by adding suitable buffer (excluding metal ions) and eluting the same 
in 5 mL of eluate before subjecting it to FAAS determination. The LOD and LOQ 
evaluated as 3Sb/m/10 and 10Sb/m/10 (where Sb and m are standard deviation of the mean 
blank absorbance signal and slope of the calibration equation, respectively) were found to 
be 1.5 and 5.1 µg L-1 for Cd and 1.2 and 4.1 µg L-1 for Zn, for 15 replicate blank runs. 
Analytical figures of merits were not studied for terpolymer resins synthesized earlier 
[37-39] (some other references are also included in table 4.6). 
 
4.8 Application  
The practical applicability of the developed method was examined by determination of 
both Cd(II) and Zn(II) in bread, fruit juice and multivitamin capsules using optimized 
batch procedure. The summary of the results was shown in table (Table 4.4). The assay of 
Zn in multivitamin capsules exhibited close agreement with the reported value while the 
Cd was not detected. From the experimental results it was found that the concentration of 
Cd in bread is higher than that of Zn. The results of Cd and Zn content in the rice and 
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bread samples are comparable with the previous reported literature as evidenced from the 
data presented in table 4.5. In order to explore the utility of PGEME and demonstrate the 
reproducibility of its synthetic route, fruit juice sample was analyzed applying 
recommended procedure using PGEME synthesized in three batches in a replicate 
manner. Cd and Zn were observed to exhibit mean value of 5.9 and 11.37 µg L-1 with 
corresponding RSD of 3.62 and 4.95%, respectively which is in close agreement with the 
data presented in table 4.4. 
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Table 4.4. 
Analytical results for FAAS determination of Cd and Zn in SRM, multivitamin and 
food Samples after SPE. 
 
Samples 
Concentration 
Certified/reported
d 
(µg g-1) 
±SDg 
Concentrat
ion after 
SPEa 
(µg L-1 or 
µg g-1) 
±SDg 
Amount    
spiked 
(µg g-1 
or µg L-
1) 
Amount 
Found 
(µg g-1 or 
 µg L-1) (RSD) 
 
%Recovery 
Rice flour 
NIES-10cb  
 
Cd 
 
 
1.82±0.06 
 
 
1.78±0.08 
 
    
    - 
         
   - 
 
 
  - 
Zn 23.1±0.8 23±0.57 
Multivitam
in 
capsulesd 
 
Cd 
 
 
NRe 
 
NDf 
 
   - 
 
  - 
 
  - 
Zn 442.5 441 ± 2.14 
 
 
 
Riceb 
Cd 
 
 
- 
0 
5 
10 
0.073 (4.25) 
5.04 (0.82) 
10.05 (0.48) 
- 
 99.3 
100.3 
Zn 
 
- 
0 
5 
10 
1.03 (5.46) 
6.13 (3.37) 
11.08 (4.01) 
- 
102.2 
98.87 
 
 
 
Breadb 
 
Cd 
 
 
- 
0 
2 
4 
0.089 (4.49)    
2.066 (0.79) 
4.046 (1.45) 
- 
98.9 
99.02 
Zn 
 0 
2 
4 
0.049 (6.12) 
2.094 (2.99) 
4.036 (1.43) 
- 
102.3 
97.67 
 
 
 
Fruit juicec 
 
Cd 
 
 0 
40 
60 
6.1 (2.96) 
44.54 (3.26) 
64.63 (2.68) 
- 
96.1 
97.6 
Zn 
 0 
40 
60 
11.26 (4.12) 
53.53 (3.44) 
71.68 (4.00) 
- 
105.7 
100.7 
 a solid phase extraction; b µg g-1; c µg L-1; N = 3;  d mulitvitamin; e NR(Not Reported); fND 
(Not detected); ±SDg standard deviation 
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Table 4.5. Comparison of Cd and Zn content in rice and bread samples with the 
previously reported work 
Technique Rice (µg g-1) 
 
 
Bread 
(µg g-1) 
 
 
 
Reference 
 
 Cd Zn Cd Zn  
Direct-ETAASa - - 0.03 - [40] 
Direct- FAASb 0.029 16.4 - - [41] 
Direct ICP-MSc 0.078 - - - [42] 
Direct GF-AASd 0.09 - - - [43] 
Direct GF-AAS - - 0.039  [44] 
SPE-FAAS 0.073 1.03 0.089 0.049 This work 
aElectrothermal atomic absorption spectrometer, bFlame atomic absorption 
spectrometer, cGraphite furnace atomic absorption spectrometer, dInductively coupled 
plasma mass spectrometer. 
 
4.9 Conclusion 
The synthesized PGEME terpolymeric resin offers a greater surface area than the similar 
reported resins and exhibits reasonable sorption capacity for Cd and Zn, thereby making 
it a suitable chelating resin. According to our literature knowledge, this is the first attempt 
to develop an environmentally safe SPE coupled FAAS analytical method for the 
determination of Cd and Zn in food samples as evidenced from the first five terpolymer 
reported in Table 4.6. It excludes major concomitant alkali and alkaline earth elements 
and their counter anions which otherwise often interfere in the subsequent FAAS 
determination of metals. The calibration curve was found to be linear (R2˃0.998) in the 
concentration range of 5.1-1800 and 4.1-1500 µg L-1 for Cd and Zn, respectively. The 
accuracy and precision of the proposed method was evaluated by the analysis of SRM, 
recovery experiments and RSD of less than 5% in most of the analysis. The resin was 
successfully applied for the separation, preconcentration and determination of Cd(II) and 
Zn(II) ions in rice, bread and fruit juice samples. The striking feature about utility of 
PGEME as solid phase extractant is its reproducibility of synthesis which is indicated by 
the reproducibility of results in the analysis of real samples. The chemisorption and 
identical, independent binding site behaviour were evaluated by Dubinin-Radushkevich 
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isotherm and Scatchard plot analysis. From the fact that equilibrium data fit well to 
Langmuir adsorption isotherms (R2=0.988) indicating a typical monolayer sorption and 
adsorbent-adsorbate interaction from Temkin isotherm model, the resin could further 
explored for the removal of Cd from wastewater. 
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Table 4.6. Comparison of figures of merits of some solid phase extractants used for metal ion separation and 
determination. 
Materials Element pH SC
a 
(mg g-1) 
LODb 
( µg L-1) 
Method/ 
Detection Application 
Referenc
e 
Ethylenediamine 
functionalized GMA-
MMA-EGDMA 
terpolymer 
Cd 
Zn 8.0 
53.96 
24.19 
1.5 
1.2 
SPEd/ 
FAASe 
Food 
samples This work 
Poly(GMA-MMA-
EGDMA) terpolymer Hg 5.5 124.8 - SPE/AAS Waste water [29] 
2-amino-6-nitro-
benzothiazole- 
semicarbazide-
formaldehyde 
terpolymer 
Fe, Co, 
Ni, Cu, 
Zn, Pb 
2.5-6.0 
13.16, 5.95, 
8.06, 
10.99, 
8.85,12.35 
- IEf - [45] 
2-amino-6-nitro-
benzothiazole- 
ethylenediamine-
formaldehyde 
terpolymer 
Fe, Cu, 
Ni, Zn, 
Co, Pb 
2.5-6.0 
14.49, 9.6, 
8.29, 9.26, 
7.41, 14.71 
- IE - [46] 
8-HQ- salicylic acid-
formaldehyde 
terpolymer 
Pb, Zn, 
Cu, Ni, 
Ba, Co, 
Mn 
3.0-5.5 - - IE - [47] 
Salicylic acid-
diaminonaphthalein 
Fe, Cu, 
Ni, Co,  1.5-6.5 - - IE - [48] 
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formaldehyde 
terpolymer 
Zn, Cd,  
Pb 
Diethylenetriamine 
functionalized GMA-
divinyl benzene 
copolymer 
Ni 2.0 20.25 2.29 SPE/FAAS 
Environment
al water 
samples 
[49] 
Amberlite XAD-4-
salycylic acid 
Cu, Cr, 
Zn, Cd, 
Mn, Ni, 
Co 
5.5-8.0 
15.57, 8.12, 
10.13, 
16.29, 6.87, 
7.19, 4.12 
0.42, 0.57, 
0.63, 0.77, 
0.94, 0.96, 
1.41 
SPE/FAAS Water and food samples [21] 
Amberlite XAD-16-
salicylanilide 
Cu, Co, 
Ni, Zn, 
Cr, Cd,  
Pb 
6.0-9.0 
48.94, 
431.47, 
42.15, 
41.31, 
31.88, 
32.63, 
30.77 
0.56, 0.64, 
0.65, 0.70, 
0.75, 0.88, 
1.17 
SPE/FAAS 
Environment
al and  
biological 
samples 
[20] 
4-(Phenyl diazenyl) 
benzene-1,3-diamine Cu 10 - 0.6 
CPEg/ 
FAAS 
Environment
al and  
biological 
samples 
[8] 
Ion imprinting polymer Cd 6.0 32.9 0.006 MSPE
h/ 
GFAASi 
Biological 
and food 
samples 
[24] 
Ion imprinting polymer Zn 6.0 22.11 1.0 SPE/FAAS 
Food and 
water 
samples 
[23] 
Ionic liquid Cu, Zn, Cd 7.0 - - 
LLEj/ 
FAAS 
Aqueous 
solutions [14] 
Silica gel Pb 8.0 - 0.36 SPE/FAAS Beer and tea samples [18] 
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Deep eutectic solvent Pb, Cd - - 0.008,  0.0002 
LPMEk/ 
ETAAS Edible oils [12] 
2-hydroxy-5-
nonylacetophenone 
oxime 
Cyanex 302 
Di(2-ethylhexyl) 
phosphoric acid 
Cu, Zn, 
Cd, Ni 
1.90-
2.29 - - SX
l/AAS Liquor of  e-waste [9] 
a sorption capacity, blimit of detection, dsolid phase extraction, eflame atomic absorption spectrometry, fion exchange, 
gcloud point extraction, hmicro-solid phase extraction, igraphite furnace atomic absorption spectrometry, jliquid liquid 
extraction, k liquid phase micro-extraction, lsolvent extraction. 
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5.1 Introduction 
Graphene oxide (GO) is a well established two-dimensional single-layered sp2-hybridized 
carbon atoms derived from graphite by chemical oxidation [1]. In solid phase extraction 
(SPE) and preconcentration of metal ions [2-5] graphene oxide (GO) is used due to its 
large specific surface area leading to high sorption capacity and the hydrophilic 
functional groups like epoxy (-COC), hydroxyl (-OH), carbonyl (-CO), and carboxyl (-
COOH) present on the edges and basal plane of GO [6,7] form chelates with the metal 
ion [8] and shows fast metal ion uptake. Direct use of GO in SPE becomes challenging; 
particularly when the sheet size ranging to the nanoscale, due to unfavorable phase 
separation and recycling of GO [2]. Recently published data shows the use of GO in the 
separation and preconcentration of metal ions by dispersive solid phase extraction 
(DSPE) [9], dispersive magnetic solid phase extraction (DMSPE) [10,11] and cloud point 
extraction (CPE) [12]. However, these methods have several drawbacks e.g. in dispersive 
mode filtration of GO leads to its aggregation because of strong van der waals 
interactions and π-π stacking between GO sheets which can significantly affect the 
efficiency, reusability and needs sonication for redispersion of GO. During filtration there 
is a possibility of escape of GO which is simplified by the use of DMSPE. In CPE, the 
regeneration of GO is not possible since the analyte along with GO slurry is introduced 
into atomic spectrometer for analyte determination and gets degraded during atomization 
[12]. Moreover, in all the three methods, application of large sample volume is restricted 
for metal ion preconcentration. Direct use of GO in SPE cartridge/column creates back 
pressure and needs a high pressure peristaltic pump which may results in GO escaping 
[8]. In order to simplify these problems GO can be immobilized onto a solid support 
material for column application, providing enough flow rate for large sample volume 
without a use of high-pressure peristaltic pump. These solids not only play a role of 
support but also enhance the hydrophilicity due to the presence of functional groups and 
provide spacer arms. The introduction of spacer arm between the solid supports and GO 
is a new approach by virtue of which GO behaves in a manner similar to DSPE as well as 
free monomeric ligand in homogenous system for longer spacer arms and forms 
complexes with metal ions [13,14]. 
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In this chapter, we have developed a column preconcentration method for determination 
of Cd(II) and Ni(II) in environmental and food samples using novel GO-based solid 
phase extractant prepared by the coupling of GO with glycidylmethacrylate beads via 
diethylenetriamine spacer arm (Synthesis scheme was detailed in chapter 2, section 
2.1.2). Since, the polymer bound GO sheets restricts to aggregation and leaching from 
column compared to direct use of GO and can be reused for several sorption elution cycle 
in SPE. 
 
5.2 Experimental 
Prepared p-DETAGO resin has been characterized by solid state 13C NMR, FT-IR, 
TGA/DTA, SEM along with EDS, TEM analysis by using the recommended instruments 
as reported in Chapter 2 (Section 2.2). For the optimization of experimental variables 
batch dynamic mode had been selected for effect of sorption/desorption and effect of 
contact time of Ni and Cd as reported in, while the rest of the variables were optimized 
following column method Chapter 3 (Section 3.8). Sample solution adjusted to pH 
8.0±0.1 of optimum concentration was passed through the column at a flow rate of 2-6 
mL min-1. Sorbed Ni(II) and Cd(II) were eluted with 5.0 mL of 2M HCl and the 
concentration of Ni and Cd was determined subsequently by FAAS. 
 
5.3. Result and discussion 
5.3.1 Characterization  
The FT-IR spectra of p-DETAGO resin shown in figure 5.1. The O-H stretching 
vibrations [18,19] of (-COOH and -OH) is appearing at 3373.8 cm-1 and peak for sp2 –
CH stretching vibrations appeared at 2943.5 cm-1. The sharp band at 1725.26 cm-1 is due 
the presence of C=O.19 N-H (bending), C-N and C-O bands are observed at 1560.88 cm-
1,1387.66 cm-1 and 1160.59 cm-1, respectively [18,19]. The peak 1271.42 cm-1 is due to -
CH of the epoxy group. The band 1472.41 cm-1 can be attributed to stretching of C=C 
bonds [19]. The chemical shifts observed in 13C NMR spectra (Figure 5.2) indicates the 
presence of amide bond (168.37 ppm), –CH2–NHR (45.22 ppm), benzylic –C–NHR 
(66.22 ppm, 67.22 ppm), aromatic carbons (106.66 ppm-138.66 ppm), carboxylic carbon 
(177.59 ppm), and carbonylic carbon (179.34 ppm). The incorporation of an amine group 
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on to GMA matrix was estimated by shaking 0.5 g of p-DETA resin with 50 mL of 
0.05M HCl for 24 h. The residual HCl was measured titrimetrically against 0.05 M 
NaOH. The number of moles of HCl that interacted with the amine group and 
consequently the amine content were found to be 1.95 mM g-1 of the resin. Multi point 
BET surface area of p-DETAGO resin was found to be 51.063 m2 g-1. Structure 
morphology of p-DETAGO was evaluated by the SEM analysis along with EDS. GO 
sheets were decorated on the surface of the p-DETA resin beads as it can be seen from 
the SEM and TEM images (Figure 5.3). The presence of atom on pendant functional 
groups after immobilization of GO on GMA-DETA and metal ion complexation was 
confirmed by EDS analysis shown in figure 5.4 including their elemental % weight. The 
elemental analysis C, H, N and O resulted in % content as 55.6, 7.7, 7.0 and 29.7. TGA 
analysis shows that the resin was thermally stable up to 245 ºC (5.4).  
 
 
Figure 5.1 FTIR spectrum of p-DETAGO 
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Figure 5.2: 13C NMR spectrum of p-DETAGO 
 
 
Figure 5.3 Micrographs of p-DETAGO (a) SEM and (b) TEM showing the decoration 
GO sheets onto the GMA matrix. 
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Figure 5.4 EDS investigation after Ni(II) and Cd(II) sorption. 
 
 
Figure 5.5 TGA/DTA analysis of p-DETAGO 
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5.3.2 Optimization of experimental parameters 
The variables pH, time and eluent was optimized by batch mode while rest of with the 
recommended column procedure. For optimization of sample pH, 0.1 g of p-DETAGO 
resin was equilibrated with 50 ml of 0.05 mM Ni(II) and Cd(II) ions solution over a pH 
range of 2.0-10.0 for 180 min. It can be seen from the figure 5.6a that sorption capacity 
of both metal ions was found to be a maximum at pH 8.0. The slight decrease in the 
sorption capacity was observed at pH 9.0 and 10.0. The pH studies for p-EDAGO were 
also carried out as shown in a Table 5.1. It is clear from the data that the sorption capacity 
of p-EDAGO resin was less than that of p-DETAGO resin. Hence, p-DETAGO was 
selected as a final sorbent for rest of the experimental studies. The higher capacity of the 
p-DETAGO resin is because of deprotonation, which makes the oxygen-containing GO 
functional groups negatively charged, which facilitates complexation with Ni2+and Cd2+ 
owing to the strong electrostatic interactions [20]. Hence, pH 8.0 was fixed as optimum 
for rest of the studies. Sorption behaviour is more clearly understood by the point of zero 
charged (pHpzc) studies which was carried out following the procedure as reported in 
some previous literature [21-22]. The 0.1g of the p-DETAGO resin and 50 ml solution of 
0.1 M NaCl were taken into a series of conical flasks with their initial pH (pHi) adjusted 
in the range 2.0-10.0. It was kept for 24hr with occasional shaking and the final pH (pHf) 
was measured after decanting. The value of pHpzc was found to be 4.6 from point of 
intersection in pHi versus ∆pH (pHi-pHf) as shown in figure (5.7). Since pHpzc ˂ pH it 
was concluded that the surface of the resin is negatively charged and favors the sorption 
of positive metal ions due to strong electrostatic interaction. For the optimization of 
contact time between resin and metal ions, the sorption of Ni(II) and Cd(II) on p-
DETAGO resin was studied in the different time interval and it was observed from the 
experimental results that 40 min was sufficient for the complete sorption of Ni(II) and 30 
min for Cd(II) figure 5.6b. Thus, Ni(II) takes more time than Cd(II) to reach the 
equilibrium because of high complexation rate between borderline acid Ni(II) and hard 
base O− of GO while Cd(II) comes in the category of soft acids. Fast sorption kinetics is a 
great advantage for the preconcentration studies. Column flow rate was optimized by 
passing a 100 mL solution containing 5 μg of Ni(II) and Cd(II) buffered at pH 8.0± 0.1 
over the range of 2-7 mL min-1. The results showed that the sorption of the analyte ions 
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on the column was unaffected up to a flow rate of 2.5 mL min-1 for Ni(II) and 5.0 mL 
min-1 for Cd(II) and it was maintained throughout the column experiment. HCl and HNO3 
were used as an eluent in order to check the quantitative recovery of sorbed Ni(II) and 
Cd(II). It was observed from the experimental studies that 5 mL of 2M HCl gives the 
recovery of >98% for both the metal ion. Thus, 5 mL of 2M HCl was selected as an 
eluting agent. The effect of temperature on the sorption of metal ions has been studied by 
batch method. The results are shown in the table (Table 5.2). Increase of sorption 
capacity as well as decrease of loading half time for both Ni(II) and Cd(II) were observed 
with the increase of temperature which are in agreement with reported studies [23,24]. 
However, 25±0.2°Cwas selected for further studies since application of SPE method 
involves real samples having temperature closed to it. The prepared p-DETAGO resin 
was tested for reusability by several loading and elution cycles and it was concluded that 
resin can be regenerated up to 36 cycles without loss in capacity indicating that GO 
remains immobilized on to resin matrix. The releases of GO sheets are potential health 
threat to ecosystems [25]. Hence, the method is environmentally green and has good 
application in the separation and preconcentration of metal ions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table. 5.1 
Comparison of sorption capacity of different sorbent during 
synthesis (Experimental conditions: 0.1 g resin, 50mL 
solution of 0.05mM Ni(II) and Cd(II)   
Sorbent pH 
Ni(II) 
SCa 
(mg g-1) 
Cd(II) 
SCa 
(mg g-1) 
GMA-DVB-EDA 8.0 1.76 10.12 
GMA-DVB-EDA-GO 8.0 9.39 37.66 
GMA-DVB-DETA 8.0 7.04 30.35 
GMA-DVB-DETA-GO 8.0 17.02 38.78 
a sorption capacity    
100 
 
 
 
 
 
               Figure 5.6a Effect of sample solution pH on the sorption of Ni(II)  
    and Cd(II) 
 
 
Figure 5.6b effect of contact time on the % recovery of Ni(II) and Cd(II) 
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Fig 5.7: The point of zero charge (pHpzc) of p-DETAGO 
 
 
Table 5.2. Effect of temperature on the sorption and loading half 
time of Ni(II) and Cd(II) (Experimental conditions: 0.1 g resin, 
50mL solution of 0.05mM Ni(II) and Cd(II)) 
 
Temperature 
Sorption capacity 
(mg g-1) 
Loading half time t1/2/min 
Ni(II) Cd(II) Ni(II) Cd(II) 
25±0.2°C 17.02 38.78 15 10 
35±0.2°C 19.95 41.59 10 8 
45±0.2°C 21.13 43.84 5 5 
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5.3.3 Interference studies 
The extraction efficiency of the p-DETAGO resin in the determination of Ni(II) and 
Cd(II) was affected by co-existing interferents. In order to see the interfering effect, 5µg 
of Ni(II) and Cd(II) was checked out with some transition, alkali and alkaline earth metal 
ions (Table 5.3). As it was evidenced from the results, that no significant interferences 
were observed in the determination of Ni(II) and Cd(II) up to an appreciable tolerance 
level. Hence, the prepared resin has good applicability in the trace preconcentration and 
determination of analyte ions in different samples. The tolerance limit is defined as the 
interfering ions concentration causing a relative error smaller than ±5% related to the 
preconcentration/determination of the analytes. 
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Table. 5.3  
Interference studies of some commonly interfering ions in the 
determination of Ni(II) and Cd(II) by FAAS (Experimental conditions: 
0.1g resin, 100 ml solution containing 5µg of Ni(II) and Cd(II)  
Interfering ions Added as 
Tolerance limit 
Ni(II) 
(µg L-1) 
Tolerance limit 
Cd(II) 
(µg L-1) 
Zn ZnCl2 500 200 
Cd CdCl2 500 _ 
Ni NiNO3 _ 500 
Fe Fe(NO3)3 400 250 
Cr CrCl3 400 250 
Cu Cu(NO3)2 400 250 
Co Co(NO3)2 500 200 
Pb Pb(NO3)2 500 250 
Na NaCl 19×105 19×105 
Mg MgCl2 48×104 48×105 
Cl NaCl 30×105 30×106 
HPO4-2 Na2HPO4 11×105 11×106 
CH3COO- C3H2NaO2 11×104 11×105 
NO3- NaNO3 15×104 15×105 
relative error ≤5%     
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5.3.4 Preconcentration studies 
Our ultimate object is to preconcentrate the trace metal ions in water samples before 
subjected to FAAS determination in order to improve the detection limit and reduction of 
matrix effects which further enhances the accuracy. Preconcentration studies were done 
by constant loading (5μg) of Ni(II) and Cd(II) with increasing volume of samples. As a 
result of this, preconcentration limits were found to be 5.56 μgL-1 and 6.25 μgL-1 along 
with the preconcentration factors of 180, 160 for Ni(II) and Cd(II), respectively. 
 
 5.4 Analytical Method Validation 
 Limit of detection (LOD), limit of quantification (LOQ), linearity and correlation 
coefficient (R2) were important parameters for validation of method [26-27]. A 
calibration curve was  
a Mean value ±95 % confidence limit; N=3.b At 95% confidence limit                                                                  
 
plotted using least square method under the optimized conditions which results regression 
equation Y=0.054XNi + 0.038 and Y=0.264XCd + 0.015 and correlation coefficient 
R²=0.998 for Ni(II) and Cd(II). The LOD and LOQ were found to be 0.23, 0.76 μgL-1 for 
Ni(II) and 0.06, 0.20 μgL-1 for Cd(II). The inter-day and intra-day repeatability 
experiments were performed in order to check the precision of the method by running 3 
replicates of 50 mg L-1Cd(II) and Ni(II) between three columns and for three consecutive 
days. The average column to column and day to day coefficient of variation of the 
method was found to be 2.96, 3.14% for Cd(II) and 3.46, 2.54% for Ni(II), respectively. 
Table 5.4.  
Validation of developed Column preconcentration SPE method by the analysis of SRM for 
Ni and Cd concentration 
SRM 
Certified value 
(µg g-1) 
Found value 
(µg g-1)a 
Calculated Student’s t 
valueb 
Ni 
JSS 513-4 Cr Steel 
1300 1289±2.0 3.198 
Cd 
NIES-10c 
1.82±0.06 1.79±0.03 0.5814 
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The accuracy of the method was tested by analyzing SRM by the recommended column 
procedure. Calculated Student’s t (t-test) values for Ni(II) and Cd(II) ions were found to 
be less than the critical Student’s t value of 4.303 at 95 % confidence level for N=3 
(Table 5.4). Hence, the mean concentration values were not statistically significant from 
the certified values indicating that absence of systematic errors and demonstrate the 
accuracy of the proposed method. The reliability of the developed method was also 
investigated by the analysis of electroplating waste water, river water, tap water and fruit 
juice spiked with the known amount (5μg) of Ni(II) and Cd(II), resulting in percentage 
recoveries of 95-107.2% with a relative standard deviation (RSD) <5% (Table 5.5).  
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Table. 5.5  
FAAS determination Ni(II) and Cd(II) in environmental water samples and fruit 
juice 
Sample Element 
Amount spiked 
(µg L-1)a 
 
Amount 
Found 
(µg L-1)a 
%RSD 
 
%Recovery 
 
River water 
(Ganga) 
Ni(II) 
0 
10 
 
4.85 
14.92 
2.61 
1.24 
- 
100.7 
Cd(II) 
0 
10 
 
3.76 
13.26 
2.06 
3.54 
- 
94.97 
 
Tap water 
Ni(II) 
0 
10 
 
2.39 
13.11 
3.60 
0.73 
- 
107.2 
Cd(II) 
0 
10 
 
1.84 
11.85 
2.17 
0.34 
- 
100.1 
Electroplating 
waste water 
Ni(II) 
0 
25 
 
30.26 
54.09 
0.49 
0.48 
- 
95.33 
Cd(II) 
0 
25 
 
2.22 
27.27 
1.69 
0.06 
- 
100.2 
Fruit juice 
 
Ni(II) 
0 
25 
 
14.34 
39.53 
0.27 
0.16 
- 
100.7 
Cd(II) 
0 
25 
 
2.92 
27.61 
2.24 
0.71 
- 
98.77 
a Mean value ±95% confidence limit; N=3 
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5.5. Conclusion 
A novel GO based solid phase extractant was used in a column SPE method which 
allowed the determination of trace metal ions by cheap and less sensitive technique such 
as FAAS. Toxic GO was not observed to escape from p-DETAGO even after 36 
sorption/elution cycles and elution of metal ions do not involve use of any carcinogenic 
organic solvents. The proposed method was simple, economic, ecofriendly and 
successfully applied for the separation and preconcentration of Cd(II) and Ni(II) in 
electroplating waste water, river water, tap water and fruit juice samples without any 
significant interference from commonly occurring cations and anions. The validity and 
reliability of the method was indicated by good accuracy and precision. It is evident from 
the comparison (Table 5.6) that the presented method shows good analytical figure of 
merits over other GO based column SPE method. Potential application in the removal of 
Cd(II) and Ni(II) could further be explored since it possesses comparatively high sorption 
capacity. 
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Table. 5.6 
Comparison of figure of merits with previously reported GO based column SPE 
method 
Sorbent Analyte 
SCa 
(mg g-
1) 
LODb 
(µg L-1) 
Flow 
rate 
(mL 
min-1) 
PFc 
Techniqu
e 
Referen
ce 
GMA-
DVB-
DETA-GO 
Ni, Cd 
17.02, 
38.78 
0.23, 
0.06 
2.5, 5.0 
180
, 
160 
FAAS 
This 
work 
Si-GO Cu, Pb 
4.9, 
13.6 
0.084, 
0.27 
7 
250
, 
200 
FI-AAS [8] 
Si-GO 
Mn, Co, 
Ni Cu, 
Cd, Pb 
-  0.2 10 ICP-MS [28] 
GO-TiO2 
Cu, Pb, 
La, Ce, 
Eu, Dy, 
Yb 
 
0.8, 
13.5, 
3.8, 
2.9, 
2.8, 
2.7, 3.2 
0.48, 
2.64, 
0.41, 
0.24, 
0.13, 
0.26, 
0.21 
0.5 10 ICP-OES [29] 
GO-
MCNTs-
DETA 
Cr, Fe, 
Pb, Mn 
5.4, 
13.8, 
6.6 , 
9.5 
0.16, 
0.50, 
0.24, 
0.38 
1.5 75 ICP-OES [30] 
GO-MHEd Co, Ni 6.8, 7.0 
0.25, 
0.18 
10 250 FAAS [31] 
GO-MPPCe Mn, Fe 
21.6, 
24.0 
0.145, 
0.162 
8 325 FAAS [32] 
GO-
TBCPAf 
Fe, Ni, 
Cu, Zn 
6.7, 
6.4, 
6.0, 6.1 
0.39, 
0.11, 
0.63,  
0.45 
9 250 FAAS [33] 
asorption capacity,blimit of detection,cpreconcentration factor,dN-(5-methyl-
2hydroxyacetophenone)-N′-(2-hydroxyacetophenone) ethylene diamine,e3-(1-Methyl-
1H-pyrrol-2-yl)-1H-pyrazole-5-carboxylic acid,f2-(tert-butoxy)-N-(3-
carbamothioylphenyl) acetamide 
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6.1 Introduction 
The increasing levels of heavy metals, a major category of persistent, bio 
accumulative and toxic chemicals in the natural ecosystem have been the subject of 
great concern due to their environmental impact and pose a significant threat to biota. 
Their biochemical action includes the inhibition and reduction of various enzymes, 
complexation with certain ligands of amino acids and substitution of essential metal 
ions from enzymes [1-3]. Development of sensitive, accurate, selective and 
economical methods for the trace determination of heavy metals in industrial 
wastewater, various water bodies and biological samples is essential in environment 
monitoring and assessment of its level of exposure and effects onto biota. Despite the 
availability of highly sensitive, selective and rapid atomic spectroscopic and electro 
analytical techniques with simultaneous capability, direct trace determination of 
heavy metals in real samples with complex matrix can be complicated due to potential 
concomitant matrix effects [4-5]. Moreover, high initial capital investment, 
maintenance and running cost of sophisticated instruments render the affordability of 
a routine analytical laboratory. Flame atomic absorption spectrometry being the 
cheaper technique amongst them also has limitation of having low detection limit. 
Solid- phase extraction (SPE) [6-8] addresses these two problems by virtue of its 
ability to concentrate the desired trace elements and remove interfering constituents 
thereby improving the detection limits, precision, accuracy of the analytical methods 
and allowing the use of less sensitive and cost-effective technique. The focus of much 
current research in SPE as metal ion extractants is the development of functionalized 
polymers of high surface area and sorption capacity, by increasing the number of 
chelating sites on the material as well as their accessibility for metal ions. Recently, 
carbon based nanomaterials [9-11] as SPE sorbent have become an active area of 
research in the field of separation science due to their unique properties, like large 
surface area and high mechanical strength. Carbon nanotubes (CNT) possess great 
potential to remove metal ions and proved to be a good adsorbent for waste water 
treatment. However, presence of large amount of residual metallic constituents as 
impurities which exert negative influence and relatively higher cost restrict their 
large-scale applications [12-14]. Graphene oxide (GO) [15,16] with two-dimensional 
(2D) honeycomb carbon lattice having high specific surface area and abundant epoxy 
(−COC), hydroxyl (−OH), carbonyl (−CO) and carboxyl (−COOH) groups that can be 
synthesized oxidizing graphite in a single step without the use of metal catalyst has 
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been considered a material of choice and substitute for CNT due to its hydrophilic 
character facilitating better surface contact with aqueous phase and active sites for 
metal ion complexation. 
Currently, sorption studies of metals using GO, magnetite GO and GO-
nanocomposites dealt with only batch method using either 0.22 μm membrane filters, 
centrifugation, addition of sodium chloride, and/or magnetic separation to separate the 
GO from the sample solution [17-21].  Such separation method restricts the use of 
large sample volumes and multiple use of GO since it tends to aggregate which 
requires sonication to re-disperse before its use in the next sorption cycle. Moreover, 
GO miniscule may escape during filtration which pose a potential health threat to 
ecosystems. A radical way circumvent these obstacles is to immobilize GO onto a 
porous polymeric beads through azo spacer so that it can be used in column operation 
to achieve the benefits of higher number of theoretical plates for better extraction and 
high preconcentration factor. 
 
6 .2 Experimental  
Prepared XAD-GO (Chapter 2, section 2.1.3) resin has been characterized by solid 
state 13C NMR, FT-IR, TGA/DTA, SEM along with EDS, TEM analysis by using the 
recommended instruments as reported in Chapter 2, section 2.2 Sample solution 
adjusted to pH 8.0±0.1 of optimum concentration was passed through the column at a 
flow rate of 5 mL min-1. Sorbed Pb(II), Cd(II) and Zn(II) were eluted with 5.0 mL of 
2M HCl was determined subsequently by FAAS. 
 
6.3 Result and discussion 
Characterization  
FT-IR spectrum of XAD-GO (figure 6.1) shows a broad band at 3436 cm-1 due to 
structural O-H (-COOH and -OH) stretching vibrations of GO. Peaks at 2925.89 and 
2856 cm-1 indicate the presence of sp3 C−H and sp2 C−H stretching vibrations, 
respectively.  The peak appearing at 1698.25 cm-1 corresponds to carbonyl (C=O) 
stretching vibrations [22]. The azo (-N=N-) spacer band appeared at 1606.96 cm-1[23] 
indicates the immobilization of GO onto XAD resin. The band at 1447.65 and 
1488.39 cm-1may be assigned as C=C bond stretching. Peaks at 1276.7 and 1117.93 
cm-1, and 1350 cm−1 may be attributed to C-O stretching vibrations and O-H 
deformation. The peaks at 39.60, 96.87, 174.96, 223.97 and 145.06 in the solid state 
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13C NMR (figure 6.2) spectrum corresponding to styrenic -CH and -CH2, aromatic 
carbon, carboxylic carbon, carbonylic carbon and carbon of azo group (C-N=N-), 
respectively confirm the successful immobilization of GO onto the XAD matrix [24]. 
The XRD pattern of graphite and GO was shown in figure 6.3. In the XRD pattern of 
graphite a sharp and highly symmetrical diffraction peak was appeared at 2Θ=26.5° 
which was assigned to the (002) reflection plane with interlayer spacing of 0.34 nm. 
This interprets the crystalline nature of graphite. In GO XRD pattern, a strong peak 
was observed at 2Θ=10.6° corresponds to interlayer spacing of 0.834 nm. The shifting 
in 2Θ from 26.5° to 10.6° and increase in the layer to layer distance from 0.34 nm to 
0.834 nm depicts the conversion of graphite to GO [25]. It is further supported by 
Raman spectra (figure 6.4), shows the characteristics D and G bands of GO at 1344.6 
and 1588.6 cm-1, respectively. The multipoint BET surface area of XAD-GO was 
found to be 772.83 m² g-1 and comparable to the previous reported literature as in GO 
immobilized polystyrene (PS-GO) it was 12.06 m² g-1. 
 
 
 
Figure 6.1: FTIR spectrum of XAD-GO 
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Figure 6.2: 13C NMR spectrum of XAD-GO 
 
 
Figure 6.3: XRD pattern of graphite and GO 
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Figure 6.4: Raman spectra of GO 
 
[24], glycidylmethacrylate-diethylenetriamine-GO (p-DETAGO) gives 51.063 m² g-1 
[26] and in case of chitosan-GO it was found to be 4.232 m² g-1[27]. TGA curve 
(figure 6.5) shows that the material can be used up to 260 °C without any degradation. 
Decoration of XAD resin surface with GO sheets can be seen from the SEM images 
while disordered stacking of GO layers evidenced by different degree of transparency 
was observed in TEM images figure 6.6. Metal ion complexation with the donar atom 
of GO were indicated by the M-O vibrational frequency band in the region of 120-290 
cm-1 in FIR spectrum (figure 6.7) [28]. The presence of Pb, Cd and Zn in energy-
dispersive X-ray analysis (EDS) spectra figure 6.8, obtained from SEM for micro-
compositional analysis also supports of their chelation.  
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Figure 6.5: TGA curve of XAD-GO 
 
 
 
Figure 6.6: a) SEM and b) TEM image of XAD-GO 
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Figure 6.7: FIR spectrum of XAD-GO 
 
 
 
 
 
Figure 6.8: EDS spectra of XAD-GO 
 
 
Optimization of experimental parameters 
The experimental variables such as pH, column flow rate, eluent type and volume, 
and loading concentration of metal ions were optimized by adopting a univariate 
approach (one parameter kept constant and other one is varied, Chapter 3, section 
3.8) for preconcentration of metal ions. Sorption of metal ions onto chelating resin 
was affected by the acidity/basicity of the sample solution. It is important to optimize 
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the solution pH in order to achieve effective sorption. For this, 0.1 g of XAD-GO 
resin were shaked for 120 minute with 50 ml of solution containing 0.5 mM of Pb, Cd 
and Zn ions individually at the pH range of 2.0-9.0 (figure 6.9). Extent of sorption of 
all the studied metal ions increases from pH 2.0 onward. For Pb and Cd, sorption 
attains its maximum at pH 8.0 and decreases thereafter while for Zn it increases 
continuously up to pH 9.0. This is because the oxygen (-COO-) of the GO was 
negatively charged after deprotonation while the metal ions were positively charged 
and hence, strong electrostatic interaction takes place [29]. It was observed that Pb(II) 
forms precipitate at pH 9.0 and hence, pH > 9.0 for Pb(II) was not studied. The point 
of zero charge (pHpzc) has been calculated for better understanding the sorption 
behaviour [26] and the value of pHpzc was found to be 6.2 (figure 6.10) which is less 
than that of pH (8.0). Thus, it gives the idea of negatively charged surface groups at 
above pHpzc, favoured the strong electrostatic interaction with metal ion [30].  
 
 
Figure 6.9: Effect of solution pH on sorption of Pb, Cd and Zn ions on to XAD-GO 
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Figure 6.10: The point of zero charge (pHzc) 
 
Column flow rate was optimized (using recommended column procedure) by passing 
100 ml of solution contain 5 μg of metal ion at a flow rate range of 2-6 mL min-1. It 
was observed that quantitative sorption of metal ions was unaffected up to a flow rate 
of 5.0 ml min-1. Above that a slight decrease in sorption was observed. Hence, a flow 
rate of 5.0 ml min-1 was set for further subsequent column experiments. In order to 
check the quantitative recovery of sorbed Pb, Cd and Zn ions, varying concentration 
and volume of HCl and HNO3 were tested out as eluent. Experimentally it was found 
that 5 mL of 2M HCl gives the recovery >98% for all the three metal ions. Hence, 5 
mL of 2.0M HCl was selected as an eluent in further studies. The XAD-GO can be 
regenerated up to 53 sorption and elution cycles without loss of sorption capacity. 
After that a slight loss of sorption capacity was observed. Hence, the resin has been 
multiply use in the preconcentration and determination of metal ion from different 
environmental samples.  
 
Effect of Foreign Ions 
Various cations and anions mostly present in water samples were studied in order to 
check their interference on the selective sorption of Pb, Cd and Zn ions onto column. 
For this a 50 mL solution containing 5 µg of analyte ion and varying concentration of 
interfering ions, at pH 8.0 were preconcentrated using XAD-GO column at a flow rate 
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of 5mL min-1. The sorbed analyte was subsequently eluted and determined by FAAS. 
The results are shown in table 6.1. It is evident that these interfering ions do not affect 
the sorption of Pb, Cd and Zn ions in the preconcentration studies up to a certain 
tolerance level. The tolerance limit is defined as the concentration of foreign ion 
causing a relative error smaller than ±5% in the determination of analytes. Hence, the 
prepared resin shows a great application in the field of preconcentration/determination 
of metal ions using SPE coupled with FAAS. 
 
 
Table 6.1 Effect of interfering ions 
Interfering 
Ions 
Added as 
Tolerance ratio of interfering ions (µg L-1)/ 
analyte ions (µg L-1) 
Pb (RSD)a Zn(RSD) a Cd(RSD) a 
Cd2+ 
Zn2+ 
Pb2+ 
Co2+ 
Cr3+ 
Cu2+ 
Fe3+ 
Ni2+ 
Na+ 
K+ 
Mg2+ 
SO42- 
Cl- 
PO42- 
Br – 
CdCl2 
ZnCl2 
Pb(NO3)2 
CoNO3 
CrCl3 
CuNO3 
Fe(NO3)3 
NiNO3 
NaCl 
KCl 
MgCl2 
Na2SO4 
NaCl 
Na2HPO4 
NaBr 
25 (3.87) 
25 (1.22) 
- 
25 (2.30) 
25 (4.29) 
30 (4.85) 
30 (1.03) 
30 (4.25) 
5.0×104 (4.52) 
3.8×104 (1.33) 
9.8×102 (4.58) 
1.9×104 (1.72) 
7.6×104 (0.55) 
1.8×102 (1.13) 
8.0×104 (4.40) 
15 (2.91) 
- 
10 (3.07) 
10 (1.73) 
10 (4.89) 
10 (4.26) 
15 (3.43) 
15 (2.99) 
4.0×104 (1.50) 
3.2×104 (2.50) 
4.8×102 (4.62) 
1.5×104 (4.71) 
6.2×104 (2.04) 
1.2×102 (4.49) 
6.4×104 (1.69) 
- 
15 (2.59) 
10 (3.14) 
15 (2.51) 
15 (4.69) 
15 (2.86) 
15 (2.54) 
15 (3.55) 
4.0×104 (2.57) 
3.2×104 (4.06) 
4.8×102 (2.25) 
1.5×104 (2.60) 
6.2×104 (4.92) 
1.2×102 (1.37) 
6.4×104 (4.74) 
aN=3 
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Preconcentration Studies 
The object of this study is to preconcentrate the analyte ions from large sample 
volumes into the limits of calibration range of FAAS prior to its determination. Since, 
direct determination of metal ions in the dilute samples is too challenging because of 
their low concentration. Hence, it requires a preconcentration step before subjected to 
FAAS determination. Following the recommended column procedure an increasing 
sample volume in the range of 750-2600 mL containing a constant amount of analyte 
ion (5 µg) were preconcentrated. The results obtained are shown in table 6.2, gives the 
preconcentration limits of 2.0, 5.88 and 5.88 µg L-1 for the maximum volume of 2.5 
L, 0.85 L and 0.85 L for Pb, Cd and Zn ions, respectively, where quantitative 
recovery of analytes were achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.2 Preconcentration of metal ions by SPE-FAAS 
Volume 
(L) 
Pb Cd Zn 
% Recovery % Recovery % Recovery 
0.75 NSa 103 100 
0.85 NSa 96.4 99.8 
1.0 106 75.5 71.9 
2.0 111 NSa NSa 
2.5 100 NSa NSa 
2.6 78.1 NSa NSa 
3.0 65.7 NSa NSa 
aNS= Not Studied 
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6.4 Analytical Method Validation 
In order to validate the proposed method, several parameters such as limit of detection 
(LOD), limit of quantification (LOQ), correlation coefficient (R2) were investigated. 
Under the optimized conditions, calibration curves were plotted using least square 
method which results regression equation and correlation coefficient of Y = 0.042XPb 
- 0.008 (R² = 0.986) for Pb, Y = 0.274XCd - 0.057 (R² = 0.989) for Cd and Y = 
0.311XZn - 0.077(R² = 0.990) for Zn. The LOD (3s/m) and LOQ (10s/m) [31] were 
found to be 0.41, 0.41, 0.13 and 1.38, 1.36, 0.42 for Pb, Cd and Zn ions, respectively. 
The accuracy of the method was tested by analyzing SRM, following recommended 
column procedure. Calculated Student’s t (t-test) values for Pb, Cd and Zn ions were 
found to be less than the critical Student’s t value of 4.303 at 95 % confidence level 
for N=3 (Table 6.3). Hence, the mean concentration values were not statistically 
significant from the certified values indicating that absence of systematic errors and 
demonstrate the accuracy of the proposed method. The reliability of the developed 
method was also investigated by the analysis of spiked river water, tap water and city 
drinking water, with the known amount (5μg) of Pb, Cd and Zn ions. The percentage 
recoveries of spiked analyte were found to be 95-103 with a relative standard 
deviation (RSD) <5% (Table 6.4).  
 
Table 6.3 Analysis of SRM for metal ion contents (column parameters: pH 8.0; 
sorption flow rate, 5.0 mL min-1; 0.2 g, resin) 
SRM Certified value (µg g-1) 
Found value 
(µg g-1)a (RSD) 
Calculated 
Student’s t valueb 
Vehicle exhaust 
particulates 
NIESc 8 
Pb: 219 
Cd: 1.1 
Zn:1040 
Pb: 213.6 (1.14) 
Cd: 1.08  (3.39) 
Zn:1023  (0.77) 
Pb: 3.867 
Cd: 1.113 
Zn: 3.660 
aMean value, b95% confidence limit; N=3, cNational Institute of Environmental Studies 
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Table 6.4 FAAS determination of Pb, Cd and Zn ions in environmental water samples by XAD-GO 
resin 
Sample 
 Pb Cd Zn 
Amount 
spiked 
(µg L-1) 
Amount 
found 
(µg L-1) 
%Recovery 
(RSD) 
Amount 
found 
(µg L-1) 
%Recovery 
(RSD) 
Amount 
found 
(µg L-1) 
%Recovery 
(RSD) 
Tap 
water 
0 
10 
2.91 
13.0 
- (3.49) 
100.6 (0.96) 
NDa 
10.13 
- 
100.1 (4.97) 
5.48 
15.4 
- (2.38) 
99.13 (4.74) 
River 
water 
0 
10 
2.63 
12.7 
- (3.96) 
100.4 (4.06) 
2.44 
12.0 
- (4.33) 
95.27 (1.05) 
3.46 
13.3 
- (2.46) 
97.90 
(4.36) 
City 
drinking 
water 
0 
10 
2.85 
12.8 
- (3.19) 
99.27 (1.45) 
1.22 
11.6 
- (4.22) 
103.6 (3.87) 
4.11 
13.8 
- (1.84) 
97.13 (1.01) 
aNot Detected 
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6.5 Conclusion 
The prime objective to design a new solid-phase extractant is to develop an 
environmentally safe column preconcentration/separation method for monitoring the 
level of contamination by toxic environmental pollutants. Thus, developed method do 
not involve the use of large volumes of carcinogenic organic solvent, and do not 
releases toxic GO bound to the XAD resin up to 53 sorption/elution cycles. Therefore, 
the method considered as eco-friendly and environmentally green. The high 
preconcentration factor and preconcentration limit for metal ions shows the good 
applicability of XAD-GO resin. 
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